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(54) NOVEL TRIPEPTIDE COMPOUNDS AND ANTI-AIDS DRUGS 

(57) A novel tripeptide compound represented by the following general formula (I) exhibiting superior HIV protease 
inhibition activity, and an anti-AIDS medicine comprising this compound as an effective component and a pharmaceu- 
tically acceptable salt thereof. 
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(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-chromonera^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide can be given as a typical example of this compound. 
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Description 

FIELD OF TECHNOLOGY 

5 [0001 ] The present invention relates to a novel tripeptide compound exhibiting an action to inhibit an enzymatic activ- 
ity of a protease which originates from human immunodeficiency virus (HIV). Moreover, the present invention relates to 
an anti-AIDS medicine which can control in vivo growth of HIV utilizing the inhibitive activity of this novel tripeptide com- 
pound against protease originating from HIV. 

10 BACKGROUND OF THE INVENTION 

[0002] Human immunodeficiency virus (HIV) which causes AIDS produces precursor proteins such as a reverse tran- 
scriptase or Gag protein used for production of the virus particles in host cells. These precursor proteins can exhibit 
their functions only when cut into a specific size by a protease of a virus origin (HIV protease). The HIV protease inhib- 

15 itor which blocks formation and growth of infectious virus particles by inhibiting the enzymatic activity of the HIV pro- 
tease can be used as an anti-virus agent. Several HIV protease inhibitors have already been reported. One of them is 
a transition state mimetic which is a compound something like a synthetic peptide (see, for example, T. Robins, J. Plat- 
tner, J. Acquir. lmmun. Defic. Syndr., 6, 162 (1993)). For example, a hydroxyethylamine derivative such as Ro31-8959 
(N. A. Roberts et al.. Science 248, 358-361 (1990)) which contains a phenylalanine <MCH(OH)CH 2 N] decahydroisoqui- 

20 nolinecarboxylic acid skeleton similar to an amino acid sequence which is selectively cleaved by an HIV protease, such 
as -Tyr • • • Pro or -Phe • • • Pro, and a hydroxymethylcarboxamide derivative such as a peptide derivative including a 
norstati skeleton such as phenylalanine <t>[CH(OH)C(0)N]proline (T. F. Tarn et al., J. Med. Chem. 25. 1318-1320 (1992)) 
are useful as an HIV protease inhibitor. Clinical application of these substances is being actively promoted. 
[0003] Specifically, like a transition state mimetic these compounds utilize an HIV protease inhibition activity to control 

25 production of the virus particles in host cells, whereby growth and infection of HIV can be controlled and AIDS can be 
prevented. Clinical application of these compounds as the anti-AIDS medicines is being adopted (Nakajima et al., The 
Pharmaceuticals monthly, Vol. 35, 2983-2989 (1993)). These transition state mimetics are expected to become next 
generation anti-AIDS medicines succeeding nucleic acid derivative-type reverse transcriptase inhibitors such as AZT 
(azidothymidine), DDC (dideoxycytidine), and DDI (dideoxyinosine) which are already clinically used as anti-AIDS 

30 drugs. 

[0004] The present inventors have also discovered that a group of synthetic peptide compounds which are transition 
state mimetics including a 3-amino-2-hydroxy-4-phenylbutanoic acid residue exhibit a strong HIV protease inhibitive 
action and are useful as anti-AIDS medicines. The inventors have filed a patent application relating to the HIV protease 
inhibitor (Japanese Patent Application Laid-open No. 170722/1993). The inventors of the present invention continued 

35 the studies in which the inventors have synthesized various peptide compounds and determined chemical structures of 
novel compounds, including novel compounds exhibiting superior inhibition activity against HIV protease (Japanese 
Patent Application Laid-open No. 185631/1996. European Patent Publication EP 751 145 A2). 
[0005] However, hydroxymethylcarboxamide derivatives having superior HIV protease inhibition activity among these 
peptide-type compounds require a comparatively high dose to clinically exhibit a certain effect in many cases. Because 

40 anti-AIDS medicines are continuously administered for a long period of time, development of a compound possessing 
a high HIV protease inhibition activity which can provide a certain effect by oral administration at a small dose is 
desired. Specifically, development of a compound possessing a novel structure which is capable of tightly binding with 
HIV protease and exhibits a high treatment effect at a lower plasma concentration is desired. 

45 DISCLOSURE OF THE INVENTION 

[0006] The present invention was completed in view of this situation and has an object of providing a novel tripeptide 
compound showing a high HIV protease inhibition activity as compared with an HIV protease inhibitor consisting of a 
transition-state mimetic peptide compound which has been proposed as a conventional anti-AIDS medicine and exhib- 
50 iting superior anti-HIV virus activity accompanied by this high HIV protease inhibition activity. Another object of the 
present invention is to provide an anti-AIDS medicine comprising this novel tripeptide compound as an active compo- 
nent and exhibiting a treatment effect with a smaller dose. 

[0007] In an effort to solve these problems, the present inventors have made extensive improvement in conventional 
transition-state mimetic substance and, as a result, the inventors have designed and prepared a novel tripeptide com- 
55 pound. More specifically, the inventors of the present invention have found that a tripeptide compound having a skeleton 
similar to an amino acid sequence which is selectively cleared by an HIV protease, such as -Tyr • • • Pro or -Phe • • • 
Pro, particularly a hydroxymethylcarbamide derivative including a norstatin skeleton such as phenylalanine 
<f>[CH(OH)C(0)N]proline, or a hydroxyethylamine derivative including phenylalanine $[CH(OH)CH 2 N] decahydroisoqui- 
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nolinecarboxylic acid, exhibits a high HIV protease inhibition activity and a high action of suppressing growth of HIV 
viruses, particularly when a novel structure is introduced in the C-terminal amide structure. This finding has led to the 
completion of the present invention. The inventors have further found that another novel tripeptide produced by replac- 
ing a substitution group on the N-terminal amino group with an acyl group having a specific structure exhibits a high HIV 
5 protease inhibition activity and a high action of suppressing growth of HIV viruses. This finding has led to the completion 
of another feature of the present invention. 

[0008] The above object can be achieved in the present invention by a novel tripeptide compound represented by the 
following formula (I), 




*7 

20 

wherein A is -NH-, -NR- (wherein R represents an alkyl group having 6 or less carbon atoms), -0-CH 2 -, -CH 2 -0- or a 
single bond; B is -CO- or -S0 2 -; D is -CO- or -CH 2 -; E represents a divalent hydrocarbon group which may form a 5 to 
7 member ring together with the adjacent nitrogen atom and carbon atom or a divalent hydrocarbon group with one or 

25 more carbon atoms therein being replaced by one or more hetero atoms, wherein said ring may form a condensed ring 
together with another 5 to 7 member ring or may have 3 or less substituents on that ring; R 1 is a hydrogen atom, an 
alkyl group having 6 or less carbon atoms, or an aromatic group or heterocyclic group having 10 or less carbon atoms, 
wherein the said alkyl group may possess an aikyloxy group having 4 or less carbon atoms as an substituent, said aro- 
matic group or heterocyclic group may be substituted by an alkyl group having 4 or less carbon atoms, aikyloxy group, 

30 mono or dialkyl-substituted amino group, halogeno group, hydroxyl group, amino group, or an alkyl or alkenyl group hav- 
ing 3 or less carbon atoms which may be substituted by a monocyclic aromatic group or monocyclic heteroaromatic 
group; R 2 is an aliphatic hydrocarbon group having 1-7 carbon atoms or an aromatic hydrocarbon group, provided that 
the aliphatic hydrocarbon group may have either a linear or branched structure and the carbon atom forming the skel- 
eton of said aliphatic hydrocarbon group or aromatic hydrocarbon group may be replaced by a hetero atom, or the 

35 hydrogen atom thereon may be substituted by a carbamoyl group, carboxyl group or halogeno group; R 3 is an aryl 
group, arylthio group or aryloxy group, and may contain a substituent on the aromatic ring; and R 4 , R 5 , R 6 , R 7 , and R 8 
respectively represent a hydrogen atom, alkyl group having 3 or less carbon atoms, halogeno group, amino group, 
hydroxyl group, aminomethyl group, hydroxymethyl group, or an amino group substituted by one or two (mono or di) 
alkyl group having 3 or less carbon atoms; or a pharmaceutical^ acceptable salt thereof. 

40 [0009] The above object can be further achieved in the present invention by an anti-AIDS medicine comprising as an 
effective component a novel tripeptide compound of the following formula (II), 



45 



50 




55 

wherein A, R 1( R 2 . R 4 , Rs, R6. R7. and R 8 are the same as defined for the formula (I), X is an oxygen atom or sulfur 
atom, R 9 and R 10 respectively represents a hydrogen atom or a linear or branched aliphatic hydrocarbon group having 
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1 -6 carbon atoms, or a pharmaceutical acceptable salt thereof. 

[0010] The above object can be still further achieved in the present invention by an anti-AIDS medicine comprising 
as an effective component a novel tripeptide compound of the following formula (III), 



wherein is a phenyl group which is substituted by one amino group which is either unsubstituted or substituted by 
one or two (mono or di) alkyl groups each having 4 or less carbon atoms and R 2 represents a linear or branched alkyl 
20 group having 1 -3 carbon atoms, carbamoyl methyl group, or methylthiomethyl group; or a pharmaceutically acceptable 
salt thereof. 

BEST MQD5 FOR CARRYING OUT THE INVENTION 

25 [001 1 ] The tripeptide compound of the present invention is a hydroxymethylcarboxamide derivative containing a nor- 
statin skeleton such as phenylalanine <|>[CH(OH)C(0)N]proline or a hydroxyethylamine derivative containing a phenyla- 
lanine <j>[CH(OH)CH 2 N] decahydroisoquinolinecarboxylic acid skeleton, as a transition state mimetic structure which is 
essential for an HIV protease inhibition activity. Specifically, this compound has a cyclic a-amino acid which contains an 
amino nitrogen atom in the ring as a C-terminal amino acid in the hydroxymethylcarboxamide [CH(OH)C(0)N] moiety 

30 or a hydroxyethylamine <|>[CH(OH)CH 2 N] moiety which constitutes a transition state mimetic structure. The compound 
also has a tripeptide structure including an a-amino acid which is substitued by an acyl group as a protective modifica- 
tion group on the amino group on the N-terminal side of the dipeptide structure which constitutes the transition state 
mimetic structure. On the other hand, in the compounds shown by the general formula (I) or (II), the cyclic a-amino acid 
at the C-terminal is an a-aminocarboxamide and the nitrogen atom of carbamoyl group of this a-aminocarboxamide has 

35 a substituted or unsubstituted benzyl group. The compounds shown by the general formula (III), on the other hand, is 
characterized by the a-amino acid group at the N-terminal, as well as by the selection of the acyl group which is used 
as a protective modification group on that amino group. 

[001 2] First, the compound shown by the general formula (I) or (II) which is the first embodiment of the present inven- 
tion will be illustrated. 

40 [0013] The hydroxymethylcarboxamide [CH(OH)C(0)N] moiety and the hydroxyethylamine [CH(OH)CH 2 N] moiety 
which constitute the transition state mimetic structure in the tripeptide compound shown by the general formula (I) of 
the present invention are respectively present as a 3-amino-2-hydroxy-4-substitued butanoyl skeleton [- 
CH 2 CH(NH)CH(OH)C(0)-N] or a 3-amino-2-hydroxy-4-substituted butyl skeleton [-CH 2 CH(NH)CH(OH)CH 2 -N]. The 
steric configuration of (2S.3S) isomer is preferred for the 3-amino-2-hydroxy-4-substitued butanoyl moiety [- 

45 CH 2 CH(NH)CH(OH)C(0)-N], whereas the steric configuration of (2R, 3S) isomer is preferred for the 3-amino-2- 
hydroxy-4-substituted butyl moiety [-CH 2 CH(NH)CH(OH)CH 2 -N]. On the other hand, a preferred steric configuration is 
(L)-isomer for the cyclic a-amino acid in which the divalent group E constitutes the ring-forming group. The steric con- 
figuration of (L)-isomer is also preferred for the a-amino acid having R 2 group as a side chain which forms a peptide 
bond at the 3 position amino group of said substituted butanoyl moiety or substituted butyl moiety. 

so [0014] The group which is conventionally selected for the transition state mimetic structure in a peptide compound 
which possesses this kind of HIV protease inhibition activity can be utilized as the group R 3 which is replaced on the 4 
position of 3-amino-2-hydroxy-4-substitued butanoyl skeleton or 3-amino-2-hydroxy-4-substitued butyl skeleton. In the 
present invention, the group R 3 is selected from the groups which possess a substituent on an aryl group, aryloxy group 
or arylthio group, or on an aromatic ring included in these groups, among the groups in which the cyclic group wherein 

55 such a bonding radical is present is a 6 member cyclic group. Phenyl group, naphthyl group, phenytthio group, phenoxy 
group, and the like can be given as examples of R 3 . A monocyclic or dicyclic group, particularly a monocyclic group, is 
preferred as the aromatic ring which constitutes this aryl group and the like. The number of substituent which is present 
on the aromatic ring of the group R 3 is preferably two or less, and more preferably one. An alkyl group having 4 or less 
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carbon atoms, alkyloxy group, alkylamino group, halogeno group, hydroxy! group, amino group, and the like can be 
given as examples of the substituent. Here, the halogeno group includes chloro group, bromo group, iodine group, and 
fluoro group, with particularly preferred being chloro or and fluoro group. 

[001 5] Accordingly, among the groups possessing a substituent on aryl group, aryloxy group, or arylthio group, or on 
s the aromatic ring group which is included in these groups, a phenyl group, phenoxy group, phenylthio group, and the 
like are given as preferred examples of the group R 3 , with the phenyl group being particularly preferred. 
[001 6] The group which is conventionally selected for the transition state mimetic structure in a peptide compound 
which possesses this kind of HIV protease inhibition activity can be utilized also as the divalent group E. Specifically, 
this group E is a divalent hydrocarbon which may form a 5 to 7 member ring together with the adjacent nitrogen atom 
10 and carbon atom or a divalent hydrocarbon group with one or more carbon atoms in the 3-5 carbon chain of said hydro- 
carbon group being replaced by one or more hetero atoms, wherein said ring may form a condensed ring together with 
another 5 to 7 member ring or may have 3 or less substituents on that ring. 

[001 7] Specifically, the hetero atom which may replace for the carbon atom in the divalent group E is a nitrogen atom, 
sulfur atom, or oxygen atom, wherein the sulfur atom may be present as a thio group, sulfinyl group, or sulfonyl group. 

is In the a-amino group which is formed by the group E, it is desirable that this hetero atom is bonded to neither the nitro- 
gen atom which forms the amino group at the a-position nor the carbon atom at the a-position. In addition, the cyclic 
group which is formed by the group E together with the adjacent nitrogen atom and carbon atom may form a cyclic 
structure by condensation with another 5-7 member ring. Specifically, although the group E may be either a single ring 
or may form a two or more rings, when the group E is a group consisting of two or more rings formed by condensation, 

20 ortho-condensation is desirable. Alternatively, this cyclic group may possess three or less other substituents on the lin- 
ear chain of this group E. The groups to be substituted here include a linear or branched aliphatic hydrocarbon group 
having 1-6 carbon atoms, aromatic hydrocarbon group, heteroaromatic group, hydroxyl group, a linear or branched 
aliphatic hydrocarbonoxy group having 1-6 carbon atoms, and halogeno group. The total number of the substituent is 
preferably two or less. In addition, when the number of the substituent which is replaced on the same atom in this group 

25 E is two. both of these two substituents may be members of a cyclic structure. Specifically, the two substituents may 
take a cross-linking structure or may be present as a dicyclic group in which the two rings combine by a spiro bond. 
Alternatively, the substituents may form a double bond such as an oxo group. The 5-7 member a-amino acid formed by 
the group E will now be illustrated more specifically by way of examples. 

[0018] As examples of the a-amino acid corresponding to the 5 member cyclic group which selects the linear hydro- 

30 carbon group having three carbon atoms for this group E, proline and derivatives of proline having a substituent on the 
4 position thereof, such as 4-hydroxyproline, 4-benzyloxyproline, 4-phenylproline, 4-benzylproline, 4-methylthioproline, 
4-phenylthioproline, 4-fluoroproline, 4-chloroproline, and the like can be given. Given as examples of the compounds 
which condense by cyclization with other 5-7 member cyclic groups are the compounds which cyclize with a cycloal- 
kane, such as octahydroindole-2-carboxylic acid, octahydroiso-indole-1-carboxylic acid, 2-azabicyclo[3.3.0] octane-3- 

35 carboxylic acid; the compounds which cyclize with an aromatic group or hetero-aromatic group, such as indoline-2-car- 
boxylic acid, iso-indoline-1 -carboxylic acid, and the like. As examples of the a-amino acid corresponding to the 5 mem- 
ber cyclic group which selects a divalent group produced by substitution of one carbon atom contained in a linear 
hydrocarbon group having three carbon atoms with a hetero atom as the group E, 1 ,3-oxazolidine-4-carboxy!ic acid and 
1,3-thiazolidine-4-carboxylic acid, as well as 5-methyl-1,3-oxazolidine-4-carboxylic acid, 5.5-dimethyM ,3-thiazolidine- 

40 4-carboxylic acid, and the like which possess a substituent on this 5 member heterocyclic group, can be given. 

[001 9] As examples of the a-amino acid corresponding to the 6 member cyclic group which selects a linear hydrocar- 
bon group having four carbon atoms for the group E, pipecolic acid (2-piperidinecarboxylic acid) can be given. Further, 
given as the compounds which condense by cylization with other 5-7 member cyclic groups are decahydroisoquinoline- 
3-carboxylic acid and decahydroisoquinoline-1 -carboxylic acid which cyclize with a cydoalkane, as well as 1,2,3,4-tet- 

45 rahydro isoquinoline-3-carboxylic acid, 1 ,2,3,4-tetrahydro isoquinoline-1 -carboxylic acid, and the like which cyclize with 
an aromatic group or hetero-aromatic group. Piperazine-2-carboxylic acid and the like can be given as examples of the 
a-amino acid corresponding to the 6 member cyclic group which selects a divalent group produced by substitution of 
one carbon atom contained in a linear hydrocarbon group having four carbon atoms with a hetero atom as the group E. 
[0020] Among the above-described cyclic groups, 5 or 6 member monocyclic groups, particularly 5 member monocy- 

so die groups, are preferable in the hydroxymethylcarboxamide [CH(OH)C(0)N] type compound. Specifically, as a corre- 
sponding a-amino acid, the compound shown by the following general formula (XI) is preferable. 
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wherein X is an oxygen atom or sulfur atom, and R 9 and R 10 are respectively a hydrogen atom or aliphatic hydrocarbon 
group having 1 -6 carbon atoms. Specific examples are 1 .S-oxazolidine^-carboxylic acid and 1 ,3-thiazolidine-4-carbox- 
ylic acid which are the compounds having a hydrogen atom or a methyl group respectively for the groups R 9 and R 10 in 
the ct-amino acid constituting this 5 member cyclic group, as well as 5-methyl-1,3-oxazolidine-4-carboxylic acid, 5,5- 
dimethyl-1 ,3-thiazolidine-4-carboxylic acid, and the like. 

[0021] On the other hand, among the above-described cyclic groups, 5 or 6 member cyclic groups, particularly 6 
member cyclic groups, are preferable in the hydroxyethylamine [CH(OH)CH 2 N] type compound. Specifically, as a cor- 
responding a-amino acid, the compound shown by the following general formula (XII) is preferable. 



wherein, Y is a carbon atom or nitrogen atom, and R 1 1 and R 12 are respectively a hydrogen atom, aliphatic hydrocarbon 
group which may have a branched chain, or an aromatic hydrocarbon group which may possess a substituent or a 
group derived from the aromatic hydrocarbon group by substitution of a hetero atom, provided that R 1t and R 12 
together may form a ring. 

[0022] Specifically, pipecolic acid (2-piperidinecarboxylic acid) or piperazine-2-carboxylic acid constituting a 6 mem- 
ber cyclic group, as well as a compound with two or less substituents which may be linear or branched aliphatic hydro- 
carbon groups having 1 -6 carbon atoms substituting on this 6 member cyclic group or a compound condensed by 
cyclization with another 5-7 member cycloalkane. such as decahydroisoquinoline-3-carboxylic acid or decahydroisoqui- 
noline-1-carboxylic acid, are preferred. 

[0023] The amino acid residue having the group R 2 as a side chain can also be used inasmuch as the same is con- 
ventionally selected as an amino acid corresponding to the P2 position of a substrate in a transition state mimetic struc- 
ture in the peptide compounds possessing this type of HIV protease inhibition activity. Therefore, the amino acid having 
a steric configuration corresponding to the (L)-isomer is usually desirable. Specifically, an aliphatic hydrocarbon group 
having 1 -7 carbon atoms or an aromatic hydrocarbon group can be used for R 2 . This aliphatic hydrocarbon group may 
be either linear or branched. In addition, the carbon atom constituting the bone of the aliphatic hydrocarbon group or 
the aromatic hydrocarbon group may be replaced by a hetero atom. Furthermore, such a carbon atom may be replaced 
even by a carbamoyl group, carboxyl group, or halogeno group. 

[0024] The aliphatic hydrocarbon group having 1 -7 carbon atoms used as R 2 includes linear or branched alkyl groups 
such as methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, sec-butyl group, tert-butyl 
group, as well as unsaturated hydrocarbon groups having the same carbon skeleton as these alkyl groups but including 
a carbon-carbon double bond, and hydrocarbon groups having a cyclic structure such as cyclohexylmethyl group, and 
the like. Hetero atoms which may be replaced for the skeletal carbon of these aliphatic hydrocarbon groups may be an 
oxygen atom, sulfur atom, nitrogen atom, and the like. Given as examples of groups replaced by an oxygen atom are 
those having an ether structure such as methoxym ethyl group, methoxyethyl group, and the like, and those having a 
hydroxyl group structure such as 1 -hydroxyethyi group. As examples of the groups replaced by a sulfur atom, the groups 
having a thioether structure such as methylthiomethyl group, methylthioethyl group, and the like are given. A group with 
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a nitrogen atom at the terminal forming a cyano group is also included. Also included is a group with a hetero atom 
replacing for a carbon atom not only in the main chain, but also in a branched chain, as well as a group with a terminal 
carbon atom replaced by a hetero atom. In addition, groups replaced by a carbamoyl group as substituent such as a 
carbamoylmethyl group, carbamoylethyl group, or by a halogeno group such as chloro group, bromo group, iodine 

5 group, fluoro group, trif luoromethoxyethyl group, trifluoromethyl group, can be given. 

[0025] On the other hand, the aromatic hydrocarbon group in the group R 2 is the hydrocarbon group which possesses 
an aromatic ring, for example, an aromatic ring group such as phenyl group, or a compound having a bonding radical 
in a side chain hydrocarbon group which is present on the aromatic ring such as, for example, benzyl group. A nitrogen 
atom, oxygen atom, and sulfur atom are included in the hetero atoms which may replace for the skeletal carbon of these 

w aromatic hydrocarbon groups. The groups having an imidazole structure, furan structure, or thiophene structure which 
forms a 5 member cyclic structure and exhibits aromaticity are included. As a matter of course, substitution by two or 
more hetero atoms is acceptable. Other substituents which may be present not only on the aromatic ring, but also in a 
hydrocarbon group of side chains include a carbamoyl group and a halogeno group such as chloro group, bromo group, 
iodine group, or fluoro group. 

15 [0026] Any groups which have been deemed conventionally to be desirable according to the types of a dipeptide 
structure forming a transition state mimetic structure which combines with the C-terminal are preferably used as the 
group R 2 . Specifically, preferred examples of the group R 2 include a methyl group, ethyl group, propyl group, isopropyl 
group, butyl group, isobutyl group, sec-butyl group, tert-butyl group, carbamoylmethyl group, carbamoylethyl group, 
methylthiomethyl group, methylthio ethyl group, methoxymethyl group, methoxyethyl group, trifluoromethyl group, trif- 

20 luoroethyi group, benzyl group, cyclohexylmethyl group, and the like. Particularly, in the hydroxymethylcarboxamide 
[CH(OH)C(0)N] type compound, Val (isopropyl group). Asn (carbamoylmethyl group), methylthioalanine (methylthi- 
omethyl group), Ala (methyl group), 2-aminobutyric acid (ethyl group), norvaline (propyl group), norleucine (butyl 
group), threonine (1 -hydroxyethyl group), and the like are given as preferred amino acids which have the group R 2 as a 
side chain. 

25 [0027] In the benzyl group or substituted benzyl group which is substitued on the amide nitrogen at the C-terminal, 
R4. R 5- R6. R 7. and R 8 af e respectively a hydrogen atom or an alkyl group having 3 or less carbon atoms, a halogeno 
group, amino group, hydroxy! group, aminomethyl group, hydroxymethyl group, or a mono- or di-alkyl substitued amino 
group replaced by an alkyl group having 3 or less carbon atoms. The halogeno group may be a chloro group, bromo 
group, or fluoro group, and the alkyl group having 3 or less carbon atoms may have a branched chain. Among these 

30 substituted benzyl groups, those having a substitution group at the ortho position, specifically either in the group R 4 or 
R 8( are particularly desirable. In addition, a small group such as a methyl group, ethyl group, halogeno group, or the like, 
is desirable as the group R 4 or R 8 which are replaced at the ortho position. For example, 2-methylbenzyl group, 2-chlo- 
robenzyl group, 3-amino-2-methylbenzyl group, 5-amino-2-methylbenzyl group, 3-hydroxy-2-methylbenzyl group, 2,6- 
dimethylbenzyl group, 2,3-dimethylbenzyl group. 2,5-dimethylbenzyl group, and the like can be given as preferred sub- 

35 stituted benzyl groups. More specifically, 2-methylbenzyl group and 2-chlorobenzyl group in which a methyl group or 
halogeno group, preferably a methyl group or chloro group, is a substitution group at the 2 position are particularly desir- 
able as the mono-substituted benzyl group. The methyl group or halogeno group, particularly the methyl group or chloro 
group, is preferable also as a substitution group at the 2 position even in the multi-substituted benzyl group having sub- 
stituents in addition to the 2 position. 

40 [0028] On the other hand, the atomic group R-pA-B- existing in the amino group at the N-terminal which corresponds 
to the P3 position in the substrate plays a role of protecting and modifying the N-terminal amino group of the tripeptide 
compound of the present invention. The bivalent group B forms a bond between the N-terminal amino group and the 
amide type. This group is either a carbonyl group (-CO-) or suKonyl group (-S0 2 -). The bivalent group A is an imino 
group (-NH-), a lower alkyl group-substituted imino group (-NR-, wherein R is an alkyl group having 6 or less carbon 

45 atoms), oxymethylene group (-0-CH 2 -), or methyleneoxy group (-CH2-O-). or a single bond. The group R<| bonding to 
the N-terminal amino group via the group -A-B-is a hydrogen atom, an alkyl group having 6 or less carbon atoms, aro- 
matic group or heterocyclic group having 10 or less carbon atoms. The alkyl group may have an alkyloxy group having 
4 or less carbon atoms as a substituent, and the aromatic group or heterocyclic group may have a substituent selected 
from an alkyl group having 4 or less carbon atoms, alkyloxy group, mono or dialkyl-substituted amino group, halogeno 

50 group, hydroxyl group, amino group, or alkyl or alkenyl group having 3 or less carbon atoms substituted by a monocyclic 
aromatic or monocyclic heteroaromatic group. Here, the alkyl group having 6 or less carbon atoms in R 1 may be either 
linear or branched. The aromatic group or heterocyclic group having 10 or less carbon atoms in R 1 may be either mono- 
cyclic or dicyclic, and includes the groups having 10 or less carbon atoms which constitute this cyclic structure. The 
number of atoms constituting each ring is not limited to 6 inasmuch as the group has aromaticity. For example, a hete- 

55 rocyclic group possessing aromaticity. e.g. a group made from a 5 member ring and a 6 member ring by cyclic conden- 
sation, such as benzofuran group or benzothiophene group, is acceptable. In addition, if the number of the atom of the 
skeleton constituting the ring is 10 or less, the groups constituting a single conjugated system including an oxo oxygen 
atom of quinone such as a naphthoquinone structure, for example, are also included. Moreover, a skeleton with an atom 
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outside the ring which forms a double bond with an atom existing on the ring and produces a skeleton with a conjugated 
system showing aromaticity such as, for example, a chromone moiety, is also acceptable. Inasmuch as there is at least 
one ring exhibiting aromaticity, the addition of a hydrogen to an unsaturated bond is allowable. 
[0029] Any atomic groups R r A-B- which have been deemed conventionally preferable according to the types of the 

5 tripeptide moiety to which these groups combine, specifically according to the types of a dipeptide structure forming a 
transition state mimetic structure, are preferable also in the present invention. In the selection of the aromatic group or 
heterocyclic group having 10 or less carbon atoms replaced for the group R 1( among the alkyl group having 4 or less 
carbon atoms, alkyloxy group, and mono- or di-alkyl-substituted amino group, the alkyl group may be either linear or 
branched and the halogeno group means chloro group, bromo group, or fluoro group. In addition, the alkyl or alkenyl 

w group having 3 or less carbon atoms substituted by a monocyclic aromatic or monocyclic heteroaromatic group which 
can be present as a substitution group on the aromatic group or heterocyclic group having 10 or less carbon atoms 
includes an alkyl or alkenyl group having 3 or less carbon atoms substituted by a monocyclic aromatic ring group, spe- 
cifically, by a phenyl group having a side chain, such as a phenyl group, tolyl group, xylyl group, or mesityl group, or an 
alkyl or alkenyl group having 3 or less carbon atoms substituted by a monocyclic heteroaromatic group, for example, a 

15 5 member group such as a furyl group or 6 member group such as a pyridyl group. Specifically, these are benzyl group, 
phenethyl group, cinnamyl group, or the like. When an alkyl or alkenyl group having 3 or less carbon atoms substituted 
by a monocyclic heteroaromatic group is included as a substitution group, it is preferable that the aromatic or heteroar- 
omatic ring which is a moiety of the group Rj be a monocyclic group and the atomic group R r A-B- should not be a large 
group. Therefore, when an alkyl or alkenyl group having 3 or less carbon atoms substituted by a monocyclic aromatic 

20 group or a monocyclic heteroaromatic group is included as a substitution group, the number of this group is preferably 
one. 

[0030] In addition, when an alkyl group having 6 or less carbon atoms with or without a substitution group is selected 
for Ri in the atomic group R r A-B-, the atomic group Rj-A-B- as a whole is preferably an acyl group with a chain struc- 
ture, such as an alkoxylacetyl group wherein A is an oxymethyiene group (-0-CH 2 -) and B is a carbonyl group (-CO-), 
25 an alkoxylcarbonyl group wherein A is a methyleneoxy group (-CH 2 -0-) and B is a carbonyl group (-CO-), an alkanoyl 
group wherein A is a single bond and B is a carbonyl group (-CO-), or an alkoxylalkoxylcarbonyl group which is a group 
with an alkyloxy group having 4 or less carbon atoms substituted on the group R t of these groups. The chain structure 
may be branched, but the number of the branch is preferably one. 

[0031] In addition, in the atomic group R r A-B-. the group wherein B is a carbonyl group (-CO-) is more preferable 
30 than the group wherein B is a sulfonyl group (-S0 2 -). 

[0032] Selecting a combination of the groups which are mentioned as desirable groups in the above description will 
make an ideal compound. The tripeptide compound shown by the following general formula (II) can be given as still 
another preferred embodiment of the hydroxymethylcarboxamide [CH(OH)C(0)N] type compound: 



35 



40 



45 




wherein A, R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , and R 8 are the same as defined in the above general formula (I), X denotes an oxy- 
gen atom or sulfur atom; and R 9 and R 10 respectively represent a hydrogen atom or a linear or branched aliphatic 
so hydrocarbon group having 1 -6 carbon atoms. 

[0033] The compound with a sulfur atom for X in the general formula (II) is a particularly desirable compound. 
[0034] Further, the tripeptide compound shown by the following general formula (IV) can be given as still another pre- 
ferred embodiment of the hydroxyethylamine [CH(OH)CH 2 N] type compound, 

55 
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wherein A, R 1t R 2 , R 4 , R 5 , R 6 , R7, and R 8 are the same as defined in the general formula (I), Y is a carbon atom or 
nitrogen atom, and R^ and R 12 are respectively a hydrogen atom, a linear or branched aliphatic hydrocarbon group, 
an aromatic hydrocarbon group which may have a substituent, or a group derived from such an aromatic group by sub- 
stitution of a hetero atom, provided that R n and R 12 may form a bond together. 

[0035] Among the compounds of the general formula (II), the tripeptide compound containing a sulfur atom as the 
group X in the 5 member cyclic a-amino acid, specifically, the compound shown by the following general formula (V), 
can be given as one preferred embodiment: 




wherein A, R 1 , R 2> R 4 , R 5 , R 6 , R7. and R 8 are the same as defined in the above general formula (I) and R 9 and R 10 are 

respectively a hydrogen atom or a linear or branched aliphatic hydrocarbon group having 1-6 carbon atoms. 

[0036] As an example of the compound which is represented by the above general formula (II), (4S,5R)-N-(2-methyl- 

benzyl)-3-{(2S,3S)-2-hydroxy-3-[N-(benzyloxycarbony^ 

ine-4-carboxamide (Z-Asn-Apns-Mox-NHBzl(2-Me)) can be given. 

[0037] Specific examples of the compound which is represented by the general formula (V) include: 

(R)-N-(2-metriylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[N-(benzyloxycarbonyl)-L-asparaginy^ 

1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Mox-NHBzl(2-Me)), 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-h^ 

1 ,3-thiazolidine-4-carboxamide (Chc-Asn-Apns-Thz-NHBzl(2-Me)), 

(R)-N-benzyl-3-{(2S,3S)-2-hydroxy-3-N-(benzyloxycarto 

1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl), 

(R)-N-(3-amino-2-methylbenzyi)-3-{(2S.3S)-2-hydroxy-3-[N-(benzyloxycarbonyl)-L-asparaginyl]amino-4-p 
tanoyl}-5,5-dimethyl- 1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl(3-NH 2 ,2-Me)), 
(R)-N-(3-aminobenzyl)-3-{(2S,3S)-2-hydroxy-3-[N^ 

5,5-dimethyM ,3-thiazolidine-4-carboxarnide (Z-Asn-Apns-Dmt-NHBzl(3-NH 2 )), and 
(R)-N-(3-hydroxy-2-methylbenzyl)-3-{(2S,3$)-2-hy^ 

nylbutanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl(3-OH,2-Me)). 
[0038] In addition, tripeptide compounds represented by the following general formula (VI), (VII), and (VIII): 
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20 




wherein R 1 is the same as defined in the general formula (I), R 2 is a methyl group, ethyl group, propyl group, isopropyl 
group, carbamoyl methyl group, or methylthiomethyl group, and R 4 is a methyl group or a chloro group, are given as par- 
se ticularly preferred embodiments of the coumpounds having the above-described general formula (V). 

Particularly preferred compounds represented by the general formula (VI) . (VII) or (VIII) are those having a phenyl 
group, 2-chromone group, benzofuran-2-yl group, 5-isoquinolyl group, benzothiazol-2-yl group, 2-quinoIyl group, benz- 
imidazol-2-yl group, or the like for the group 
Specific examples include: 

55 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydrc^ 

5,5-dimethyl-1,3-thiazolidine-4-carboxamide(Z-Asn-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2<;hlorobenzyl)-3-{(2S l 3S)-2-hydroxy-3-[N-(benzyioxycarbonyl)-L-asparaginyl]amino-4-phenyta 
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5 P 5-dimethyl-1 l 3-thiazolidine-4-carboxamide(Z-Asn-Apns-Dml-NHBzl(2-CI)) i 
(R)-N-(2-methylbenzyl)-3-{(2S.3S)-2^ 

dimethyl-1 ( 3-thiazolidine-4-carboxamide (Z-Val-Apns-Dmt-NHBzl(2-Me)) 
(R)-N-(2-methyibenzyl)-3-{(2S,3S)-2«hydroxy^^ 
5,5-dimethyM,3-thiazolidine-4-carboxamide (Chc-Apns-Dmt-NHBzl(2-Me)). 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[N-(benzofuran-2-ylcarbonyl)-L-aspa 
tanoyl}-5,5-dimethyl- 1 ,3-thiazolidine-4-carboxamide (Bfc-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hyd^ 

dimethyi-1,3-thiazolidine-4-carboxamide(iQoa-Val-Apns-Drm-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyf)«3-{(2S,3S)-3-[N-(2-ben^ 

dimethyl-1,3-thiazolidine-4-carboxamide (Bfc-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S.3S)-3-[N-(2-chrom 

dimethyl-1,3-thiazoIidine-4-rarboxamide (Chc-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2<iuino^ 

dimethyl-1,3-thiazolidine-4-rarboxamide (2-Quic-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-benzo^^^ 

5,5-dimethyl-1,3-thiazolidine-4-carboxamide (Btc-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S ( 3S)-3-N-(2-benzimidazolecarbonyl)-L-vaJyl]amino-2-hydrox^ 
S.S-dimethyl-I.S-thiazolidine^-carboxamide (Bic-VaI-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-34(2S,3S)-3-[N-(7-m^ 
tanoyl}-5.5<JimethyM,3-thiazoIidine-4^^ 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(3-benzylphenoxyacety0-L-asparaginy0an^ 
tanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide ((3-Bzl)Phoa-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2<p^ 

tanoyl}-5,5-dimethyl-1 P 3-thiazolidine-4-carboxamide (2-Qxc-Asn-Apns-Dmt-NHBzl(2-Me)), 
(R)-N^2-methylbenzy1)-3-((2S,3S)-3-^ 

dimethyl-1,3-thiazolidine-4-carboxamide (2-Qxc-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S^ 

4-phenylbutanoyl}-5,5-dimethyl-1 ,3-thiazolidine-4-carboxamide ((7-MeO) Bfc-Ala-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methyIbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)^^ 

nylbutanoylJ-S.S-dimethyl-I.S-thiazolidine^-carboxamide (3<5uic-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(3<limethylaninophenoxyacety!)a 

tanoy!]amino-4-pheny!butanoyl}-5,5Klimethyl-1 ( 3-thiazo!idine-4-carboxamide ((3-Me2N)Phoa-Val-Apns-Dmt- 
NHBzl(2-Me)), 

(R)-N^2-methylbenzyi)-34(2S,3S)-2-hydro^ 

phenylbutanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide (5-Qoa-VaI-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(6-quinolinyloxyacetyl)aminobu^ 
tanoylJ-S.S-dimethyM.S-thiazolidine^-carboxamide (6-Qoa-Abu-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2<nethylbenzyO-3-{(2S,3S)-2-hydroxy-^^^^ 

phenyl biitanoyl}-5-5<nmethyl-1,3-thiazolidine-4-carboxa^ and 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-h^ 

phenylbutanoylJ-S.SKJimethyl-I.S-thiazolidine^-carboxamide ((3-Me 2 N)Phoa-Ala-Apns-Dmt-NHBzl(2-Me)). 

Other preferred compounds are those having a hydrogen, methyl group, ethyl group, methoxymethyl group, ethoxyme- 
thyl group, or the like for R 1 in the formula (VI), (VII), or (VIII). Specific examples include: 

(R)-N-(2-methylbenzyi)-3-{(2S,3S)-2-hydroxy-3-[(S^ 

nylbutanoylJI-S.S-dimethyl-I.S-thiazolidine^-carboxamide (MeO-CO-Val-Apns-Dmt-NHBzl-(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(methoxycarbony0aminobutanoyl]amino 
5,5-dimethyl-1,3-thiazolidine-4'Carboxamide (MeO-CO-Abu-Apns-Dmt-NHBzl(2-Me)), 

(R)-N-(2-metriylbenzyl)-3-{(2S,3S)-2-hydroxy-3*r(S)-2-(ethoxycarbonyl)am!n phenylb- 

utanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide(EtO-CO-VaJ-Apns-Dmt-NHBzl^ 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)^ 

phenylbutanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide (MeO-(CH 2 )2*0-CO-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2^ 

tanoylJ-S.S-dimethyl-I.S-thiazolidine^-carboxamide (MeO-CH 2 -CO-Val-Apns-Dmt-NHBzl(2-Me)), 
(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-^ 

tanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide (EtO-CH 2 -CO-Val-Apns-Dmt-NHBzl(2-Me)), 
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(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hy^^ 

5,5-dimethyl-l>thiazolidine-4-carboxamide (Ac-Val-Apns-Dmt-NHBzl(2-Me)), 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-^ 

thyl-1 ,3-thiazolidine-4-carboxamide (Ac-Abu-Apns-Dmt-NHBzl(2-Me)). 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[N-(^^ 

dimethyt-1,3-thiazolidine-4-carboxamide (MeO-CO-Thr-Apns-Dmt-NHBzl(2-Me)), 

(R)-N-(2-methylbenzyI)-3-{(2S,3S)-2-hydroxy-3-[N-(methoxv^ 

5-dimethyl-1 ,3-thiazolidine-4-carboxamide (MeO-CO-Asn-Apns-Dmt-NHBzl(2-Me)). 

[0039] Next, the compound represented by the general formula (III) which is another embodiment of the present 
invention will be explained. 



wherein and R 2 are the same as defined above. 

[0040] The compound represented by the general formula (III) possesses a form similar to the compound represented 
by the above general formula (VII) except that a substituent on the C-terminal amide nitrogen atom is a tert-butyl group 
instead of a substituted benzyl group. Specifically, R 2 is selected from a methyl group, ethyl group, propyl group, isopro- 
pyl group, carbamoylmethyl group, or methylthiom ethyl group as well as R 2 in the above-mentioned general formula 
(VII). Preferably, R 2 is selected from an ethyl group, propyl group, isopropyl group, carbamoylmethyl group, and meth- 
ylthiomethyl group. One feature characterizing the compound represented by the general formula (III) is that a substi- 
tuted phenoxyacetyl group exists on the N-terminal amino group of a-amino acid residue having the group R 2 as the 
side chain as a protective modification group. As the substituted phenoxyacetyl group which is R-j, mono-substituted 
phenyl group which is substituted by an amino group or mono- or di-alkyl substituted amino group having 4 or less car- 
bon atoms, and preferably mono-substituted phenyl group in which mono- or di-alkyl substituted amino group substi- 
tutes on the 3 position thereof is selected. As particularly preferred examples of the compound, the following 
compounds in which a phenyl group is selected as R 1f wherein a methylamino group or a dimethylamino group substi- 
tutes on the 3 position thereof, can be given: 

(R)-N-tert-butyl-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(3-dimethylaminophenoxyacetyl)amino-3-methylbuta 
phenylbutanoyl}-5,5-dimethyl-1 ,3-thiazolidine-4-carboxamide (13-Me 2 N)Phoa-VaI-Apns-Dmt-NHtBu) and 
(R)-N-tert-butyl-3-{(2S.3S)-2-hydroxy-3-[(S)-2-(3<limethylaminophenoxyacetyl)aminobutanoyl}amino 
tanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide ((S-M^NJPhoa-Abu-Apns-Drnt-NHtBu). 

[0041 ] The pharmaceutical^ acceptable salt of the tripeptide compound of the present invention includes a substitu- 
ent which substitutes on a substituted benzyl group or a cyclic group of Rj , which exists in the compound, or, for exam- 
ple, in the case where a basic nitrogen atom is present in the other condensed rings, a salt which is formed from the 
nitrogen atom and various pharmaceutical I y acceptable acid, and specifically, a pharmaceutical^ acceptable salt such 
as a hydrogen chloride, acetic acid salt, or methanesulfonate. Pharmaceutical^ acceptable salts formed from a phe- 
nolic hydroxyl group which substitutes on a substituted benzyl group and the like and various pharmaceutical^ accept- 
able mono-valent cations are also given as examples. A typical example of such a pharmaceutical ly acceptable salt is 
a sodium salt. 

[0042] The tripeptide compounds of the present invention represented by the general formula (I) are composed of (i) 
a tripeptide skeleton which is indispensable for the HIV protease inhibition activity and consists of a dipeptide moiety in 
which the substituted benzyl group substitutes on a nitrogen atom of amide at the C-terminal and an a-amino acid res- 
idue which is present at the N-terminal, and (ii) an atomic group which protectively substitutes the N-terminal a-amino 
group of the tripeptide skeleton. For example, an intermediate material compound represented by the following general 
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formula (XIII), 



5 



10 




(XIII) 



wherein D, E, R 3 , R 4( R 5 , R 6 , R 7 , and R 8 are the same as defined in the general formula (I) and A2 is a protective group 
commonly used with an amino group, which forms the dipeptide moiety is previously prepared according to the following 
processes by a conventionally known method. After release of the protective group A2 by an acid treatment, the tripep- 
tide skeleton represented by the following general formula (XIV) is obtained by an elongation of the a-amino acid resi- 
ze due of which R 2 is the side chain to the N-terminal amino group of the intermediate material. 



25 



30 




(XIV) 



R7 



wherein D. E, R 2 , R 3 . R 4 , R 5 , R 6 , R7, and R 8 are the same as defined in the general formula (I) and A 3 is a protective 

35 group commonly used with an amino group. 

Finally, the atomic group R r A-B is introduced into the N-terminal amino group of the tripeptide skeleton by an N-acyla- 
tion and the like, whereby the intermediate material compound can be prepared. As the commonly used protective 
group for the amino groups represented by A 2 and A 3 , a protective group which is easily released by an acid treatment 
is used. Process for preparing the hydroxyethyl amine derivatives and hydroxymethylcarboxamide derivatives will be 

40 described in more detail. 

[1] Process for preparing hydroxyethylamine type derivatives 

[0043] A process for preparing the hydroxyethylamine type derivatives of the present invention, namely, the compound 
45 which is represented by the following general formula (IX), 



50 



55 




(IX) 
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wherein R 1( A 2 . B, E, R 3 , R 4> R 5 , R 6 , R 7 , and R 8 are the same as defined in the general formula (I), will now be sum- 
marized. 

Step 1-1 

5 

Preparation of intermediate material compound represented by the general formula (XIII) 

[0044] This compound corresponds to an intermediate material in a synthetic method of a hydroxyethylamine type 
HIV protease inhibitor, of which the preparation method has reported in various publications (see. for example, Science 
io 24fi, 358-361 (1990), N. A. Roberts et aL. B. M. Kim et a!., Bioorg. &Med. Chem. Lett. 4, 2273-2278(1994)). For exam- 
ple, a cyclic a-amino acid derivative with a protected N-terminal represented by the general formula (XV), 



o 



15 




(XV) 



20 

wherein E is the same as defined in the general formula (I) and A 1 is a commonly used protective group for an amino 
group, and a substituted benzylamine represented by the following general formula (XVI), 



25 



30 




(XVI) 



35 

wherein E, R 4 , R 5 , R 6l R 7 , and R 8 are the same as defined in the general formula (I), are reacted according to a con- 
ventional method to prepare an amide bond, thereby obtaining a cyclic a-aminocarboxamide derivative with protected 
N-terminal which is represented by the following general formula (XVII), 



45 




(XVII) 



wherein E, R 4l R 5 , R 6 , R 7l and R 8 are the same as defined in the general formula (I) and fl^ is a commonly used pro- 
tective group for an amino group of the general formula (XV). 

[0045] After release of the N-terminal protective group A 1 of the cyclic a-amino-carboxamide derivative, the resulting 
55 . compound is reacted with an N-terminal protected aminoepoxide derivative represented by the following general for- 
mula (XVIII), 
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5 




(XVIII) 



10 

wherein R 3 is the same as defined in the general formula (I) and A2 is a commonly used protective group for an amino 
group, in a solvent such as iso-propanol while heating under refluxing to ring-open the epoxide with the amine, thereby 
obtaining an amino alcohol derivative represented by the following general formula (XIX), 



15 



20 




(XIX) 



R7 

25 

wherein E, R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 are the same as defined in the general formula (!) and A 2 is a commonly used 
protective group for an amino group of said general formula (XVIII). After release of the N-terminal protective group A 2 
of the amino alcohol derivative, a dipeptide intermediate material represented by the following general formula (XX) in 
30 which a methylene group is selected as the group D in the general formula (XIII) can be obtained. 



35 



40 




(XX) 



R7 

wherein E, R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 are the same as defined in the above-mentioned general formula (I). 
45 In this ring-opening reaction of the epoxy ring, if (2R,3S)-derivative is used for a steric configuration of the aminoepox- 
ide derivative, the steric configuration of the resulting dipeptide intermediate material is also the (2R,3S)-type. Thus, an 
optical isomer having the same steric configuration as the raw material can be obtained. 

Step 1-2 

50 

Elongation of peptide chain 

[0046] An N-terminal protected a-amino acid represented by the following general formula (XXI), 

55 
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(XXI) 



wherein R 2 is the same as defined in the general formula (I) and A 3 is a commonly used protective group for an amino 
group in the general formula (XIV), and a carbodiimide such as DCC (N.N'-dicyclohexylcarbodiimide) or an acid anhy- 
dride such as an acetic anhydride or trrf luoroacetic anhydride to prepare the a-amino acid anhydride, active ester, or 
the like which is represented by the following general formula (XXII), 




(XXII) 



R 2 

wherein R 2 is the same as defined in the general formula (I), A 3 is a commonly used protective group for an amino 
group of the general formula (XXI), and A 5 is a leaving group. Here, the atomic group represented by A 5 is derived from 
a reagent for synthesizing the peptide. This a-amino acid anhydride, active ester derivative, or the like which is repre- 
sented by the general formula (XXII) is reacted with the intermediate material which is represented by the general for- 
mula (XX) in a solvent such as N,N-dimethyiformamide (DMF) to obtain a tripeptide skeleton represented by the 
following general formula (XXIII), 




(XXIII) 



R 7 

wherein E, R 2 , R 3 , R 4 , R 5 , R 6l R 7 , and R 8 are the same as defined in the general formula (I) and A 3 is a commonly used 
protective group for an amino group of the general formula (XXI). 

Step 1-3 

N-acylation 

[0047] If the atomic group R^-A-B- is an acyl group type, the atomic group Ri -A-B- can be introduced by the following 
N-acylation, for example. 

[0048] A carboxylic acid represented by the following general formula (XXIV), 

Ri-A-COOH (XXIV) 

wherein and A are the same as defined in the general formula (I), is reacted with a carbodiimide such as DCC (N,N'- 
dicyclohexylcarbodiimide) and an acid anhydride such as an acetic anhydride or trHluoroacetic anhydride to prepare an 
acid anhydride of the carboxylic acid or the like represented by the following general formula (XXV), 
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R — A-C-As (XXV) 

5 

wherein Rj and A are the same as defined in the general formula (I) and A 5 is a leaving group. 
Then, the acid anhydride of the carboxylic acid represented by the general formula (XXV) is reacted with the above- 
described intermediate material with the group A 3 removed represented by the general formula (XXIII) in which a meth- 
10 ylene group is selected as the group D in a solvent such as N,N-dimethytformamide (DMF) to obtain the target N- 
acylated hydroxyethylamine type derivative represented by the general formula (IX). 

[0049] The atomic group R r A-B- of which the group B is a sulfonyl group which becomes a sulfonamide by forming 
a bond with the N-terminal amino group can be introduced by a similar method to the above-mentioned N-acylation 
such as a method using a sulfonyl chloride or a method using a sulfonic acid anhydride and active ester derivative. If - 
15 A-B- of the atomic group R r A-B-is -NH-CO- which becomes a ureylene configuration by forming a bond with the N-ter- 
minal amino group, the target compound can be prepared by a condensation with the N-terminal amino group using an 
isocyanate R r N=C=0. 

[0050] In the case where a substituent which may cause an undesirable side-reaction in the course of the above reac- 
tion is present in addition to the reaction groups, such a substituent should be appropriately protected by a protective 
20 group at the time of reaction and the following reactions should be performed after release of the substituent. The amino 
group which substitutes on a substituted benzyl group or the like can be reacted as a nitro group, then converted into 
the amino group by reduction. 

[2] Process for preparing hydroxymethylcarboxamide type derivative 

25 

[0051] A process for preparing the hydroxymethylcarboxamide type derivative of the present invention, specifically, 
the compound which is represented by the following general formula (X), 



30 



35 




R 7 

40 

wherein R 1( A, B, E, R 2 , R 3 , R 4 , R5. R6. R7. and R 8 are the same as defined in the general formula (I) will be described. 
Step 2-1 

45 Preparation of intermediate material compound represented by the general formula (XIII) 

[0052] The intermediate material compound corresponds to an intermediate material in a synthetic method of a 
hydroxymethylcarboxamide type HIV protease inhibitor and the preparation method has been reported in various pub- 
lications (see, for example, YoshiaW Kiso, Journal of Synthetic Organic Chemistry Japan vol. 52, 403-412 (1994)). For 
so example, an a-amino-carboxamide derivative represented by the general formula (XVII) is subjected to a condensation 
with an N-protected derivative of 3-amino-2-hydroxy-4-substituted butanoic acid represented by the following general 
formula (XXVI), 



55 
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5 




(XXVI) 



10 

wherein R 3 is the same as defined in the general formula (I) and A 2 is a common protective group for an amino group 
releasable with an acid, using a carbodiimide such as DCC or EDC and an additive compound such as HONB (N- 
hydroxy-norbornene-2,3-dicarboxyimide) or HOBt (N-hydroxybenzotriaole) to form a peptide bond, thereby obtaining 
75 an N-protected dipeptide derivative represented by the following general formula (XXVII), 



20 



25 




(XXVII) 



R 7 

wherein E, R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 are the same as defined in the general formula (I) and A2 is the same group as 

30 the common protective group for an amino group of the general formula (XXVI), 

[0053] Secondly, after release of the N-terminal protective group of the N-protected dipeptide derivative using an acid 
such as hydrogen chloride in dioxane, an intermediate material represented by the general formula (Xlll) from which A2 
has been removed and a carbonyl group is selected as the group D can be obtained. If the (2S-3S)-derivative, for exam- 
ple, is used for a steric configuration of the 3-amino-2-hydroxy-4-substituted butanoic acid N-protected derivative, the 

35 steric configuration of the resulting dipeptide intermediate material is also the (2S-3S)-type. Thus, an optical isomer 
having the same steric configuration as the raw material can be obtained. 

Step 2-2 

40 Elongation of peptide chain 

Step 2-3 

N-acylation 

45 

[0054] According to the above peptide chain-elongation step 1-2 and the N-acylation step 1-3, the target 
hydroxymethylcarboxamide type derivative represented by the general formula (X) can be obtained by reacting the 
intermediate material represented by the general formula (Xlll) prepared in the step 2-1 in which a carbonyl group is 
selected as the group D, with an amino acid represented by the general formula (XXII), then with a carboxylic acid rep- 

50 resented by the general formula (XXIV). 

[0055] The hydroxyethylamine type derivative represented by the general formula (IX) or the hydroxymethylcarboxa- 
mide type derivative represented by the general formula (X) which are prepared by the above process can be used as 
the HIV protease inhibitor by removing impurities using a purification method such as recrystallization as required. In 
addition, since the tripeptide compound of the present invention is prepared from the intermediate material represented 

55 by the general formula (Xlll), an amino acid represented by the general formula (XXII), a carboxylic acid represented by 
the general formula (XXIV), and the like as raw materials, the molecular structure can be easily identified by means of 
a spectroscopy technique such as a nuclear magnetic resonance method or an infrared absorption method with refer- 
ence to each configuration respectively originated from these compounds. On the other hand, since the tripeptide com- 
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pound of the present invention which is represented by the general formula (III) is the same as the compound 
represented by the above general formula (VII) except that the C-terminal substituted benzyl group is replaced by a tert- 
butyl group, the synthesis itself can be carried out by a completely similar process. Specifically, almost the same syn- 
thetic conditions can be employed except for the use of a tert-butylamine Instead of a substituted benzylamine which is 

5 one of the starting materials so that the synthesis can be easily carried out. 

[0056] The tripeptide compound of the present invention can be administered as a medicine using a commonly used 
carrier for medicine or an excipient according to a conventional method when clinically applied as an anti-AIDS medi- 
cine. The tripeptide compound of the present invention can be used in the form of, for example, an injection agent such 
as a muscle injection agent or an intravenous injection agent, a parenteral administration agent such as a spray agent 

10 or a suppository, or an oral administration agent such as a granulars, capsules, or tablets. The medicine is administered 
at a dose in the range of usually 0.5-50 mg/kg, and preferably 3-30 mg/kg, for an adult 2 to 4 times a day, although a 
specific dose is appropriately determined according to the symptom of the subject, the purpose of treatment such as 
controlling AIDS symtoms from exhibiting or progressing, the age and sex of the subject. In addition, when the tripeptide 
compound is used as a peroral drug, a dosage form applied to oral administration of various synthetic peptide com- 

15 pounds which have already been proposed as the HIV protease inhibitor can be employed (see, for example, Japanese 
Patent Application Laid-open No. 208478/1996). 

[0057] The dipeptide compound of the present invention and the process for preparing the compound will now be 
described in detail by way of examples. Also described are examples showing the characteristics of the tripeptide com- 
pound of the present invention such as superior anti-HIV activity due to the high HIV protease inhibition action and low 
20 cytotoxic properties which make this compound suitable as a medicine. These examples should by no means be con- 
strued as limiting the present invention. 

[0058] Apns ((2S,3S)-3-amino-2-hydroxy-4-phenylbutanoic acid; (2S,3S)-H-AHPBA), cyclic a-amino acids such as 
Thz ((R)-1,3-thiazolidine-4-carboxylic acid), Dmt ((R)-5,5-dimethyl-1,3-thiazolidine-4-carboxylic acid), Mox ((4S,5R)-5- 
methyl-1 ,3-oxazolidine-4-carboxylic acid), Pip ((R)-pipecolic acid; (R)-2-piperidine carboxylic acid), and the like, as well 

25 as other a-amino acids, used as raw materials in the examples were previously prepared as amino acid N-protected 
derivatives of these compounds according to the method known in the art by publication, followed by release of the 
amino group. As other raw materials, acyl chlorides were used for 2 group (benzyloxycarbonyl group), methoxycarbonyl 
group, and ethoxycarbonyl group; acid anhydrides were used for acetyl group; corresponding carboxylic acids or deriv- 
atives thereof were used for acyl group such as methoxyacetyl group, ethoxyacetyl group, iQoa group (5-isoquinolyloxy- 

30 acetyl group; 5-isoquinolyloxyethanoyl group), 2-chromonecarbonyl group (benzo-4-pyron-2-ylcarbonyl group; Che), 
benzofuran-2-ylcarbonyl group (Bfc) and the like. In addition, some commercially available intermediate raw material 
compounds, such as amino acid derivatives of which the nitrogen was protected and modified by a Z group, were used. 

EXAMPLES 

35 

Example 1 

(R)-N-benzyl-3-{(2S,3S)-3-[N-(benzyloxycamonyl)-L-asparaginyl]amino-2-hydroxy-4-phenylbutanoyl}-5 
1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl) 

40 

(StepD 

(R)-3-tert-butoxycarbonyl-4N benzylcarbamoyl-5,5-dim ethyl -1 ,3-thiazolidine (Boc-Dmt-NHBzl) 

[0059] DPP-CI (1 .14 ml, 5.5 mmol) was added to a solution of Boc-Dmt-OH (1 .31 g, 5.0 mmol) and Et 3 N (0.76 ml, 5.5 
mmol) in ethyl acetate (20 ml) while cooling with ice, and the mixture was stirred for one hour. After the addition of ben- 
zylamine (0.60 ml, 5.5 mmol) and Et 3 N (0.76 ml, 5.5 mmol), the mixture was further stirred overnight. AcOEt was added 
to the reaction mixture, and the resulting mixture was washed with 3% Na 2 C0 3 (twice), 1N HCI (twice), and 5% NaCI 
(once) and dried over MgS0 4 . After filtration and concentration, the residue was recrystallized from AcOEt-n-hexane to 
obtain the title compound (1 .46 g, 65%). 

<Step2> 

(R)-N-benzyl-3-{(2S,3S)-3-[N-(benzyloxyca^ 
55 1 ,3-thiazolidine-4-carboxamide (Z-Asn -Apns- Dmt- NHBzl) 

[0060] 4N HCl/dioxane (3 ml) was added to the compound Boc-Dmt-NHBzl (0.23 g, 0.65 mmol) obtained in the step 
1 and the mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in DMF (5 ml) and 
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neutralized with Et 3 N (0.1 1 ml). Z-Asn-Apns-OH (0.22 g), HOBt (68 mg), and EDC • HCI (105 mg) were added to this 
solution and the mixture was stirred overnight. H 2 0 (20 ml) was added to the reaction mixture. The precipitate was 
washed with 5% NaHC0 3 and H 2 0 and recrystallized from ethyl acetate to obtain the title compound (120 mg, 36%). 

HPLC: 16.69 min 
TOF-mass: 676 (M+1) 

Example 2 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)^ 
thiazolidine-4-carboxamide (Z-Asn-Apns-Thz-NHBzl(2-Me)) 

<Step1> 

(R)-N-(2-methylbenzyl)-1,3-thiazolidine-4-carboxamide (H-Thz-NHBzl(2-Me)) 

[0061] EDC • HCI (6.30 g, 33.0 mmol) was added to a solution of Boc-Thz-OH (6.99 g, 30 mmol), 2-methylben- 
zylamine (4.46 ml, 36.0 mmol), and HOBt (4.05 g, 30 mmol) in CH 2 CI 2 (100 ml) while cooling with ice, and the mixture 
was stirred overnight. The reaction mixture was washed with 3% Na 2 C0 3 (twice), 1N HCI (once), and 5% NaCI (once) 
and dried over MgS0 4 . After filtration and concentration, the residue was dissolved in CH 2 CI 2 (100 ml). After the addi- 
tion of methanesulfonic acid MSA (5.86 ml, 90 mmol), the mixture was stirred for two hours. H 2 0 (150 ml) was added 
to the reaction mixture and the aqueous layer adjusted to pH 8 with Na 2 C0 3 was extracted with CH 2 CI 2 (100 ml). The 
extract was washed with 5% NaCI and dried over MgS0 4 . After filtration and concentration, the residue was recrystal- 
lized from AcOEt/n-hexane to obtain the title compound (6.04 g, 85%). 

1 H-NMR(DMSO-d 6 ) 

S (ppm); 2.56(s, 3H), 2.85-3.05(m, 3H), 3.2-3.4(m, 1 H), 3.86(m, 1H),4.0-4.2(m, 2H), 4.2-4.3(br, 2H), 7.0-7.2(br, 4H), 
8.34(br, H) 

TOF-Mass; 237 (M+1) 
(Step 2) 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(benzyloxycarb^ 
thiazolidine-4-carboxamide (Z-Asn-Apns-Thz-NHBzl(2-Me)) 

[0062] EDC • HCI (0.105 g) was added to a solution of H-Thz-NHBzl(2-Me) (0.1 2g) obtained in the step 1, Z-Asn- 
Apns-OH (0.22 g), and HOBt (0.068 g) in DMF (5 ml) and the mixture was stirred overnight. After adding ethyl acetate, 
the reaction mixture was washed with 5% NaHC0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and 
concentration, the residue was recrystallized from n-hexane/ethyl acetate to obtain the title compound (183 mg). 

TOF-Mass; 662 (M+1) 
HPLC: 19.72 min 

Example 3 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(benzyloxy 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl(2-Me)) 

< Step 1 > 

{R)-N-(2-methylbenzyl)-5.5-dimethyl-1,3-thiazolidine-4-carboxamide (H-Dmt-NHBz!(2-Me)) 

[0063] Under cooling with ice, DPP-CI (2.28 ml, 1 1 mmol) was added to a solution of Boc-Dmt-OH (2.61 g, 10 mmol) 
and Et 3 N (1.39 ml, 10 mmol) in DMF (10 ml), and the mixture was stirred for one hour. After the addition of 2-methyl- 
benzylamine (1 .36 ml, 1 1 mmol) and Et 3 N (1 .53 ml, 1 1 mmol). the mixture was stirred overnight. AcOEt was added to 
the reaction mixture and the mixture was washed with 3% Na 2 C0 3 (twice), 1N HCI (twice), and 5% NaCI (once) and 
dried over MgS0 4 . After filtration and concentration, the residue was dissolved in CH 2 CI 2 (25 ml) and 4N HCI/dioxane 
(25 ml, 1 00 mmol) was added to the mixture. The mixture was then stirred for three hours. After concentration, the res- 
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idue was dissolved in H 2 0 and washed with toluene. The aqueous layer adjusted to pH 8 with 2N NaOH was extracted 
with CH 2 CI 2 . The extract was washed with 5% NaCI and dried over MgS0 4 . After filtration and concentration, the resi- 
due was recrystallized from AcOEt/n-hexane to obtain the title compound (1.90 g, 72%). 

5 1 H-NMR(DMSO-d 6 ) 

6 (ppm); 1.15(s t 3H), 1.52(s, 3H), 2.28(s, 3H), 3.27(s. 1H), 3.66(s, 1H), 4.03(d, 1H, J=9.6Hz), 4.22-4.33(m, 3H), 
7.12-7.22(m, 4H), 8.32-8.33(br, 1H) 
TOF-Mass; 265 (M+1) 

io (Step 2) 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-amino-2-hydroxy-^^^ 
( H- Apns-Dmt- N H Bzl (2 -M e)) 

is [0064] EDC • HCI (1 .05 g, 5.5 mmol) was added to a solution of Boc-Apns-OH (1 .48 g, 5.0 mmol), H-Dmt-NHBzl (2- 
Me) (1 .45g, 5.5 mmol) obtained in the step 1 , and HOBt (0.68 g, 5.0 mmol) in DMF (30 ml) and the mixture was stirred 
overnight. After the addition of AcOEt, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, 4N HCI/dioxane (25 ml, 100 mmol) was added to the residue, and 
the mixture was stirred for one hour. After concentration, the residue was dissolved in H 2 0 and washed with toluene. 

20 The precipitate obtained by adjusting the aqueous layer to pH 8 with 2N NaOH were separated by filtration and washing 
with water. The crystals were suspended in MeOH (20 ml), the suspension was heated and allowed to cool to produce 
a precipitate. The precipitate was collected by filtration and dried to obtain the title compound (1 .60 g, 72%). 

1 H-NMR(DMSO-d 6 ) 

25 5 (ppm); 1.15-1.25(br, 2H), 1.34(s, 3H), 1.52(s. 3H), 2.16(s. 3H), 2.23-2.31(m, 1H), 2.70(t. 1H, J=10.0Hz), 3.09{d, 
1H, J=12.3Hz), 4.04-4.08(br, 1H), 4.11(dd, 1H, J=5.0Hz, 15.3Hz), 4.22(dd, 1H, J=5.0Hz, 15.0Hz), 4.36(s, 1 H), 
4.90(s. 2H), 5.31(d, 1H, J=6.6H), 6.95(s, 3H), 7.12-7.31(m, 6H), 8.48 (t, 1 H, J=4.8Hz) 
TOF-Mass; 442 (M+1) 

30 (Step 3) 

(R)-N^2-methylbenzyl)-3-{(2S,3S)-3-[N-(benzy^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Z-Ans-Apns-Dmt-NHBzl(2-Me)) 

35 [0065] Elongation of the peptide chain was performed using H-Apns-Dmt-NHBzl(2-Me) (220 mg) obtained in the Step 
2, Z-Asn-ONp (232 mg), HOBt (68 mg), and Et 3 N (0.153 ml) to obtain the title compound (290 mg). 

HPLC: 20.69 min 
TOF-Mass; 690 (M+1) 

40 

Example 4 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(benzylo^ 

1 ,3-thiazolidine-4-carboxamide (Z-Val-Apns-Dmt-NHBz1(2-Me)) 

45 

[0066] EDC • HCI (63 mg) was added to a solution of H-Apns-Dmt-NHBzl(2-Me) (132 mg) obtained in the Step 2 of 
Example 3, Z-Val-OH (75 mg), and HOBt (41 mg) in DMF (3 ml) and the mixture was stirred overnight. After the addition 
of ethyl acetate, the reaction mixture was washed with 5% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After 
filtration and concentration, the residue was recrystallized from n-hexane/ethyl acetate to obtain the title compound 
so (160 mg). 

HPLC: 23.87 min 
TOF-Mass; 675 (M+1) 
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Example 5 

(R)-N-(2-chlorobenzyl)-3-{(2S,3S)-3-^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl(2-CI)) 

< Step 1 ) 

(RJ-N-fS-chlorobenzylJ-S.S^imethyl-I.S-thiazolidine^-carbQxamide (H-Dmt-NHBzl(2-CI)) 

[0067] DPP-C! (2.28 ml, 1 1 mmol) was added to a solution of Boc-Dmt-OH (2.61 g, 10 mmol) and Et 3 N (1.39 ml, 10 
mmol) in DMF (10 ml) while cooling with ice and the mixture was stirred for one hour. After the addition of 2-choroben- 
zylamine (1 .33 ml, 11 mmol) and Et 3 N (1 .53 ml, 1 1 mmol), the mixture was stirred overnight. AcOEt was added to the 
reaction mixture and the mixture was washed with 3% Na 2 C0 3 (twice). 1 N HQ (twice), and 5% NaCI (once) and dried 
over MgS0 4 . After filtration and concentration, the residue was dissolved in CH 2 CI 2 (25 ml), and 4N HCI/dioxane (25 
ml, 100 mmol) was added to the mixture followed by stirring for three hours. After concentration, H 2 0 was added to the 
residue. The resulting mixture was adjusted to pH 8 with 2N NaOH and extracted with ChfeCI^ The extract was washed 
with 5% NaCI and dried over MgS0 4 . After filtration and concentration, the residue was recrystallized from AcOEtfn- 
hexane to obtain the title compound (1 .51 g, 53%). 

TOF-Mass; 285 (M+1) 

(Step 2) 

(R)-N-(2-ch!orobenzyl)-3-{(2S,3S)-3-[N-^^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Z-Asn-Apns-Dmt-NHBzl (2-CI)) 

[0068] The title compound was synthesized from H-Dmt-NHBzl(2-CI) (0.1 4g) obtained in the step 1 , Z-Asn-Apns-OH 
(0.22 g), HOBt (68 mg), and EDO • HCI (105 mg) according to the step 2 of Example 1 (287 mg). 

HPLC: 20.89 min 
TOF-Mass; 710 (M+1) 

Example 6 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Chc-Asn-Apns-Dmt-NHBzl(2-Me)j 
<Step1) 

(R)-N-(2-methylbenzyl)-3-{(2S.3S)-3-[N-(ter 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Boc-Asn-Apns-Dmt-NHBzl(2-Me)) 

[0069] HOBt (0.41 g), Boc-Asn-ONp (1 .27 g), and E^N (0.92 ml) were added to a solution of H-Apns-Dmt-NHBzl(2- 
Me) (1 .32 g) obtained in the step 2 of Example 3 in DMF (20 ml) and the mixture was stirred overnight. After the addition 
of ethyl acetate, the reaction mixture was washed with 3% NaHC0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After 
filtration and concentration, the residue was recrystallized from AcOEt/n-hexane to obtain the title compound (1 .79 g). 

< Step 2) 

(R)-N-(2-metriylbenzyl)-3-{(2S,3S)-3-[N-(2-chra^ 

dimethyi-1,3-thiazolidine-4-carboxamide (Chc-Asn-Apns-Dmt-NHBzl(2-Me)) 

[0070] 4N HCI/dioxane (2 ml) was added to Boc-Asn-Apns-Dmt-NHBzl(2-Me) (197 mg) obtained in the step 1 and the 
mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in DMF (3 ml) and neutralized 
with Et 3 N (0.042 ml). After the addition of chromone-2-carboxylic acid (63 mg), HOBt (45 mg), and EDC • HCI (69 mg), 
the mixture was stirred overnight. Ethyl acetate was added to the reaction mixture and the mixture was washed with 3% 
NaHC0 3 , 1 N HCI, and 5%NaCI and dried over MgS0 4 . After filtration and concentration, the residue was purified using 
silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (86 mg). 
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HPLC: 20.89 min 
TOF-Mass; 728 (M+1) 

Example 7 

(R)-N-(2-methylbenzyl)-3-{(2S.3S)^ 

5,5-dimethyl-1 ,3-thiazolidine-4-carfcoxamide (Bfc-Asn-Apns-Dmt-NHBzl(2-Me)) 

[0071] 4N HCI/dioxane (2 ml) was added to Boc-Asn-Apns-Dmt-NHBzi(2-Me) (197 mg) obtained in the step 1 of 
Example 6 and the mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in DMF 
(3ml) and neutralized with Et 3 N (0.042 ml). 2-benzofurancarboxylic acid (54 mg), HOBt (45 mg), and EDC • HCI (69 mg) 
were added to this solution, and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction mix- 
ture was washed with 3% NaHC0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the 
residue was purified using silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to obtain 
the title compound (108 mg). 

HPLC: 20.66 min 
TOF-Mass; 700 (M+1) 

Example 8 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(5- 

dimethyl-1,3-thiazolidine-4-carboxamide(iQoa-Val-Apns-Dmt-NHBzI(2-Me)) 
< Step 1 > 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N^ 

1 ,3-thiazoiidine-4-carboxamide (Boc-Val-Apns-Dmt-NHBz!(2-Me)) 

[0072] Boc-Val-OH (0.68 g), HOBt (0.43 g), and EDC • HCI (0.60 g) were added to a solution of H-Apns-Dmt-NHBzl(2- 
Me) (1 .32 g) obtained in the step 2 of Example 3 in DMF (10 ml) and the mixture was stirred overnight. After the addition 
of ethyl acetate, the reaction mixture was washed with 3% NaHC0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After 
filtration and concentration, the residue was recrystallized from ethyl acetate/n-hexane to obtain the title compound 
(1.82Q). 

HPLC: 23.54 min 

(Step 2) 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-(L-valyl)am^ 
boxamide(H-Val-Apns-Dmt-NHBzl(2-Me)) 

[0073] 4N HCI/dioxane (1 4 ml) was added to Boc-Val-Apns-Dmt-NHBzl(2-Me) (1 .79 g) obtained in the step 1 and the 
mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in CH 2 CI 2 and washed with 
3% K 2 C0 3 and 5%NaCI and dried over MgS0 4 . After filtration and concentration, the residue was recrystallized from 
ethyl acetate/n-hexane to obtain the title compound (1.35g). 

HPLC: 16.26 min 

(Step 3) 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(5-i^^ 

dimethyl-1,3-thiazolidine-4-carboxamide (iQoa-Val-Apns-Dmt-NHBzl(2-Me)) 

[0074] 5-isoquinolinyloxyaceticacid (64 mg), HOBt (43 mg), and EDC • HCI (60 mg) were added to H-Val-Apns-Dmt- 
NHBzl(2-Me) (162 mg) obtained in the step 2 and the mixture was stirred overnight. After the addition of ethyl acetate, 
the reaction mixture was washed with 3% NaHC0 3 and 5% NaCI and dried over MgS0 4 . After filtration and concentra- 
tion, the residue was reprecipitated from ethyl acetate/n-hexane to obtain the title compound (168 mg). 
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HPLC: 17.74 min 
TOF-Mass;726 (M+1) 

Example 9 

(4S.5R)-N-(2-methylbenzyl)-3-{(2S,3S^ 

methyl-1,3-oxazoHdine-4-cait>oxarnide (Z-Asn-Apns-Mox-NHBzl(2-Mej) 
< Step 1 ) 

(4S,5R)-3-tert-butoxycartx)ny!-5-methyl-1,3-oxazolidine-4K;arboxy!ic acid(Boc-Mox-OH) 

[0075] 2N NaOH (10 ml) and HCHO (35%. 2.1 1 ml) were added to threonine H-Thr-OH (2.38 g. 20 mmol) and the 
mixture was stirred for two hours. After the addition of NH 2 OH-HCI (0.14 g, 2 mmol), 2N NaOH (1 ml), Acetone (12 ml), 
and B0C2O (4.82 g, 22 mmol), the mixture was stirred for six hours at room temperature. Next. H 2 0 (50 ml) and toluene 
(50 ml) were added and the organic layer was removed. After acetone was removed by distillation, the pH of the mixture 
was adjusted to 3 with 5% citric acid and the mixture was extracted with AcOEt (300 ml). The extract was washed with 
5% NaCI (100 ml) and dried over MgS0 4 . The dried material was subjected to concentration to obtain the title com- 
pound (4.15 g, 90%). 

(Step 2) 

(4S,5R)«3-tert-butoxycartonyl-4-N-(2-meto (Boc-Mox-NHBzl(2-Me)) 

[0076] HOSu (1 .64 g, 14.3 mmol) and EDC • HCI (2.74 g, 14.3 mml) were added to a solution of Boc-Mox-OH (3.14 
g, 13.6 mmol) obtained in the step 1 in dichloromethane (40 ml) while cooling with ice. and the mixture was stirred for 
two hours at room temperature. After 2-methylbenzylamine (3.37 ml, 27.2 mmol) was added while cooling with ice. the 
mixture was stirred for five hours at room temperature. The mixture was then washed with 1N HCI (50 ml) (twice), 5% 
NaHC0 3 (50 ml) (twice), and 5% NaCI (50 ml) (once) and dried over MgS0 4 . After filtration and concentration, the title 
compound (3.60 g, 79%) was obtained. 

(Step 3) 

(4S,5R)-N-(2-methylberuyl)-3-{(2S,3S)-3-[N-(benzyloxycarbonyl)-L-asparaginyl]amino 
methyl- 1-oxazolidine-4-carboxamide (Z-Asn-Apns-Mox-NHBzl(2-Me)) 

[0077] 4N HCI/dioxane (1 .5 ml) was added to Boc-Mox-NHBzl(2-Me) (1 00 mg, 0.3 mmol) obtained in the step 2 while 
cooling with ice and the mixture was stirred for three hours at room temperature. After concentration, the residue was 
dissolved in DMF (1 ml) and neutralized with Et 3 N (0.04 ml). Z-Asn-Apns-OH (140 mg, 0.32 mmol), HOBt (43 mg, 0.32 
mmol), and EDC • HCI (60 mg, 0.32 mmol) were added to this solution while cooling with ice, and the mixture was stirred 
overnight at room temperature. After the addition of AcOEt (15ml), the mixture was washed with 5% NaHC0 3 (10 ml, 
twice), 5% citric acid (10 ml, twice), and 5% NaCI (10 ml, once) and dried over MgS0 4 . After filtration and concentration, 
the mixture was purified using silica column chromatography (eluent: dichloromethane-methanol ) to obtain the title 
compound (70 mg, 35%). 

HPLC: 19.30 min 
TOF-Mass; 661 (M+1) 
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Example 10 

(R)-N-(2-methylbenzyl)-3-{(2S.3S)-3-^ 

ine-2-carboxamide (Z-Asn-AHPBA[CH 2 N]-Pro-NHBzl(2-Me)) 

(Step 1) 

(R)-N-(2-methyibenzyl)-3-{(2S,3S)-3-tert-butox^ 
AHPBA[CH 2 N]-Pro-NHBzl(2-Me)) 

[0078] A solution of (S)-N-(2-methylbenzyl)-pyrrolidine-2-carboxamide (0.64 g, 2.9 mmoJ) in isopropyl alcohol (3 ml) 
was added to a solution of 3(S)-(tert-butoxyformamide)-1,2(S)-epoxy-4-phenylbutane (0.26 g, 1 mmol) in iso-propyl 
alcohol (3 ml) while cooling with ice and the mixture was ref luxed for four hours. After the addition of dichloromethane 
(20 ml), the mixture was washed with 5% NaHC0 3 (20 ml), 5% citric acid (20 ml), and 5% NaCI (20ml) and dried over 
MgS0 4 . After filtration and concentration, the mixture was recrystallized from AcOEt/hexane to obtain the title com- 
pound (237 mg, 49%). 

( Process 2 ) 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N^ 
ine-2-carboxamide(Z-Asn-AHPBA[CH 2 NlPro-NHBzl(2-Me)) 

[0079] 4N HCI/dioxane (1.5 ml. 6 mmol) was added to Boc-AHPBA[CH 2 N]Pro-NHBzl(2-Me) (144 mg, 0.3 mmol) 
obtained in the step 1 and the mixture was stirred for one hour at room temperature. After concentration, the mixture 
was dissolved in DMF (2 ml) and neutralized with Et 3 N (0.04 ml) while cooling with ice. Z-Asn-ON p (174 mg, 0.45 
mmol) and Et 3 N (0.1 ml) were added while cooling with ice and the mixture was stirred overnight at room temperature. 
After the addition of ethyl acetate (20 ml), the mixture was washed with 5% NaHC0 3 (20 ml, five times) and 1 N HCI (20 
ml). A white-colored precipitate separated by filtration was dried to obtain the title compound (1 72 mg, 91%). 

HPLC: 17.78 min 
TOF-Mass; 631 (M+1) 

Example 11 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-benzofura^ 

thyl-1 ,3-thiazo!idine-4-carboxamide (Bfc-VaI-Apns-Dmt-NHBzl(2-Me)) 

[0080] EDC • HCI (60 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (162 mg) obtained in the step 2 
of Example 8, 2-benzofurancarboxyIic acid (51 mg), and HOBt (43 mg) in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (88 mg). 

HPLC: 23.44 min 
TOF-Mass; 685 (M+1) 

Example 12 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-chromone^ 

thyl-1 ,3-thiazolidine-4-carboxamide (Chc-Va!-Apns-Dmt-NHBzI(2-Me)) 

[0081 ] EDC • HCI (63 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (1 62 mg) obtained in the step 2 
of Example 8, 2-chromonecarboxylic acid (57 mg), and HOBt (41 mg) in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using a silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (165 mg). 

HPLC: 21. 69 min 
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TOF-Mass; 713 (M+1) 
Example 13 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-^ 

thyl-1 ,3-thiazolidine-4-carboxamide (2-Quic-Val-Apns-Dmt-NHBzl(2-Me)) 

[0082] EDC • HC! (42 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (108 mg) obtained in the step 2 
of Example 8, 2-quinolinecarboxylic acid (38 mg), and HOBt (27 mg) in DMF (5ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 and 5% NaCI and dried over 
MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography and recrys- 
tallized from dichloromethane/n-hexane to obtain the title compound (53 mg). 

HPLC: 24.52 min 
TOF-Mass; 696 (M+1) 

Example 14 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-^ 

dimethyl-1,3-thiazolidine-4-carboxamide (Btc-Val-Apns-Dmt-NHBzl(2-Me)) 

[0083] EDC • HCI (46 mg) was added to a solution of H-Va1-Apns-Dmt-NHBzl(2-Me) (108 mg) obtained in the step 2 
of Example 8, 2-benzothiazoIecarboxylic acid (36 mg), and HOBt (27 mg) in DMF (5 ml) and the mixture was stirred 
overnight. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI 
and dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatogra- 
phy and reprecipitated with ethyl acetate/n-hexane to obtain the title compound (91 mg). 

HPLC: 25.89 min 
TOF-Mass; 702 (M+1) 

Example 15 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(2-benzimidazolecarbonyl)-L-valyl]amino-2-hydroxy-4-phe 
dimethyM ,3-thiazolidine-4-carboxamide (Bic-Val-Apns-Dmt-NHBzl(2-Me)) 

[0084] EDC • HCI (42 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (108 mg) obtained in the step 2 
of Example 8, 2-benzimidazolecarboxylic acid (32 mg), and HOBt (27 mg) in DMF (5 ml) and the mixture was stirred 
overnight. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 and 5% NaCI and dried 
over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography to 
obtain the title compound (73 mg). 

HPLC: 27.48 min 
TOF-Mass; 685 (M+1) 

Example 16 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(7-methoxy^ 

tanoyl}-5,5-dimethyl- 1 ,3-thiazolidine-4-carboxamide ((7-MeO)Bf c-VaI-Apns-Dmt-NHBzl(2-Me)) 

[0085] EDC • HCI (60 mg) was added to a solution of H-Val«Apns-Dmt-NHBzl(2-Me) (162 mg) obtained in the step 2 
of Example 8, 7-methoxybenzofuran-2-carboxylic acid (60 mg), and HOBt (43 mg) in DMF (5 ml) and the mixture was 
stirred overnight. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% 
NaCI and dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chroma- 
tography to obtain the title compound (198 mg). 

HPLC: 23.49 min 
TOF-Mass; 715 (M+1) 
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Example 17 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(3-benzylphenoxyacetyl)-L-valyl]am 
dimethyl-1,3-thiazolidine-4-carboxamide ((3-Bzl)Phoa4-Vai-Apns-Dmt-NHBzl(2-Me)) 

[0086] 4N HCI/dioxane (2 ml) was added to Boc-Val-Apns-Dmt-NHBzl(2-Me) (197 mg) obtained in the step 1 of Exam- 
ple 8 and the mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in DMF (3 ml) 
and neutralized with Et 3 N (0.047 ml). 3-benzylphenoxyacetic acid (80 mg), HOBt (45 mg), and EDC • HCI (69 mg) were 
added to this solution and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction mixture was 
washed with 3% Na 2 C0 3l 1N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the residue 
was purified using silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to obtain the title 
compound (155 mg). 

HPLC: 23.94 min 
TOF-Mass; 780 (M+1) 

Example 18 

(R)-N-(2-methylbenzyI)-3-{(2S,3S)-3-[N-(2-quinoxalinecarbonyl)-L-asparaginyl]amino-2-hy^ 
5,5-dimethyM ,3-thiazolidine-4-carboxamide (2-Qxc-Asn-Apns-Dmt-NHBzl(2-Me)) 

[0087] 4N HCI/dioxane (2 ml) was added to Boc-Asn-Apns-Dmt-NHBzl(2-Me) (131 mg) obtained in the step 1 of 
Example 6 and the mixture was stirred for two hours. After concentration, the reaction mixture was dissolved in DMF (3 
ml) and neutralized with Et 3 N (0.031 ml). 2-quinoxalinecarboxylic acid (38 mg), HOBt (30 mg), and EDC • HCI (46 mg) 
were added to this solution and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction mixture 
was washed with 3% Na 2 C0 3 and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the residue was 
purified using silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to obtain the title com- 
pound (105 mg). 

HPLC: 20.01 min 
TOF-Mass; 713 (M+1) 

Example 19 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-3-[N-(^ 

thyl- 1 ,3-thiazolidine-4-carboxamide (2-Qxc-Va!-Apns-Dmt-NHBzl(2-Me)) 

[0088] EDC • HCI (69 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2«Me) (162 mg) obtained in the step 2 
of Example 8, 2-quinoxalinecarboxylic acid (57 mg), and HOBt (45 mg) in DMF (5 mi) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (109 mg). 

HPLC: 24.41 min 
TOF-Mass; 698 (M+1) 

Example 20 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydr^ 

phenylbutanoyl}-5.5-dimethyl-1,3-thiazolidine-4-carboxamide ((7-MeO)Bfc-A!a-Apns-Dmt-NHBzl(2-Me)) 

[0089] EDC • HCI (58 mg) was added to a solution of H-Ala-Apns-Dmt-NHBzl(2-Me) • HCI (150 mg), triethylamine (38 
7-methoxy-2-benzofurancarboxylic acid (51 mg), and HOBt (37 mg) in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated with ethyl acetate/n-hexane to obtain the title compound (98 mg). 

HPLC: 22.02 min 
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TOF-Mass; 687 (M+1) 
Example 21 

(R)-N-(2-methylbenzyl)-3-{(2S,3SV^ 
utanoyl}-5,5-dimethyl-1 

[0090] EDC • HCI (69 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (1 62 mg) obtained in the step 2 
of Example 8, 3-quinolinecarboxylic acid (57 mg), and HOBt (45 mg) in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3l 1 N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (155 mg). 

HPLC: 19.66 min 
TOF-Mass; 696 (M+1) 

Example 22 

(R)-N-(2-metrrylbenzyi)-3-{(2S,3S)-2-hyd 

tanoyl]amino-4-phenylbutanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide ((3-Me 2 N)Phoa-Val-Apns-Dmt-NHBzl(2- 
Me)) 

[0091 ] EDC • HCI (69 mg) was added to a solution of H-Val-Apns-Dmt-NHBzi(2-Me) (1 62 mg) obtained in the step 2 
of Example 8. 3-dimethylaminophenoxyacetic acid (64 mg), and HOBt (45 mg) in DMF (5 ml) and the mixture was 
stirred overnight. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% 
NaCI and dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chroma- 
tography and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (106 mg). 

HPLC: 18.77 min 
TOF-Mass; 718 (M+1) 
1 H-NMR(DMSO-d 6 ): 

5 (ppm); 0.70(d, 6H. J=6.5Hz), 1.36(s. 3H), 1.50(s, 3 H), 1.90(m, 1H), 2.23(s, 3H), 2.6-2.8(m, 2H), 2.85(s. 6H). 
4.13-4.20(m, 3H), 4.38-4.50(m, 5 H), 4.94(d, 1H, J=9.2Hz), 5.06(d, 1H, J=8.6Hz), 5.28(d, 1H, J=7.3Hz), 6.20-6.24 
(m, 2 H), 6.33(d. 1H, J=8.1Hz), 7.0-7.4(m, 10H), 7.61(d. 1H. J=9.2Hz), 8.14(d, 1 H, J=7.8Hz), 8.37(t, 1H) 

Example 23 

(R)-N-(2-methylbenzyl)-3-{(2S.3S)-2-hydroxy-3-[(S)^ 

nylbutanoyl}-5,5-dimethyi-1,3-thiazolidine-4-carboxamide (5-Qoa-Val-Apns-Dmt-NHBzl(2-Me)) 

[0092] EDC • HCI (63 mg) was added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) (1 62 mg) obtained in the step 2 
of Example 8, 5-quinolinyloxyacetic acid (64 mg), and HOBt (43 mg) in DMF (5 mi) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
to obtain the title compound (140 mg). 

HPLC: 17.81 min 
TOF-Mass; 726 (M+1) 

Example 24 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(6-quinolinyloxyacetyl)aminobutanoyl]amino-4-phenylbutanoyl}- 
5,5-dimethyl-1-thiazolidine-4-carboxamide (6-Qoa-Abu-Apns-Dmt-NHBzl(2-Me)) 

[0093] EDC • HCI (63 mg) was added to a solution of H-Abu-Apns-Dmt-NHBzl(2-Me) (158 mg), 6-quinolinyloxyacetic 
acid (64 mg), and HOBt (43 mg) in DMF (5 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, 
the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and 
concentration, the residue was purified using silica gel column chromatography to obtain the title compound (170 mg). 
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HPLC: 17.30 ml 
TOF-Mass; 712 (M+1) 

Example 23 

(R)-N-(2-methy!benzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(3<iimethylaminophenoxyacetyl)amino 
nylbutanoyl}-5,5-dimethyI-1-thiazo!idine-4-carboxamide ((3-Me 2 N)Phoa-Abu-Apns-Dmt-NHBzl(2-Me)) 

[0094] EDC • HCI (81 mg) was added to a solution of H-Abu-Apns-Dmt-NHBzl(2-Me) (210 mg), 3-dimethylaminophe- 
noxyacetic acid (78 mg), and HOBt (57 mg) in DMF (5 ml) and the mixture was stirred overnight. After the addition of 
ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and dried over MgS0 4 . After 
filtration and concentration, the residue was purified using silica gel column chromatography to obtain the title com- 
pound (130 mg). 

HPLC: 17.92 min 
TOF-Mass; 704 (M+1) 

Example 26 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-^ 
ny!butanoyl}-5,5-dimethyM .3-te 

[0095] EDC • HCI (63 mg) was added to a solution of H-Ala-Apns-Dmt-NHBzl(2-Me) • HCI (153 mg), triethylamine (42 
3-dimethy!aminophenoxyacetic acid (59 mg), and HOBt (41 mg) in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3j 1 N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (130 mg). 

HPLC: 17.51 min 
TOF-Mass; 690 (M+1) 

Example 27 

(R)-N-(2-methylbenzyl)-3-{(2S.3S)-2-hydroxy-3-[(S)-2^ 

tanoyl)-5,5-dimethyl- 1 ,3-thiazolidine-4-caitx>xamide (MeO-CO- Val-Apns-Dmt-NHBzI(2-Me)) 

[0096] Methyl chloroformate (85 nl) and triethylamine (139 pi) were added to a solution of H-Val-Apns-Dmt-NHBzl(2- 
Me) (540 mg) obtained in the step 2 of Example 8 in ethyl acetate (4 ml) and the mixture was stirred overnight. After the 
addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and dried over 
MgS0 4 . After filtration and concentration, the residue was reprecipitated from ethyl acetate/n-hexane to obtain the title 
compound (448 mg). 

HPLC: 20.38 min 
TOF-Mass; 599 (M+1) 
1 H-NMR(DMSO-d 6 ): 

6 (PPm); 0.65(d, 3H, J=6.8Hz), 0.70(d, 3H, J=6.8Hz), 1.36(s, 3 H), 1.50(s, 3 H), 1.80(m, 1H), 2.27(s, 3H), 2.67(m, 
2H), 3.52(s, 3H), 3.74(t, 1H), 4.16(dd, 2H, J=4.3Hz, 15Hz), 4.40(d. 2H, J=6.8Hz), 4.50(s, 1H), 4.93(d, 1H, 
J=9.5Hz), 5.05(d, 1H, J=9.5Hz), 5.25(d, 1H, J=6.8Hz), 7.09-7.32(m, 10H), 7.88(d, 1H, J=8.4Hz), 8.36(t, 1 H) 

Example 28 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[^ 

dimethyl-1,3-thiazolidine-4-carboxamide (MeO-CO-Abu-Apns-Dmt-NHBzl(2-Me)) 

[0097] Methyl chloroformate (26 and triethylamine (46 uJ) were added to a solution of H-Abu-Apns-Dmt-NHBzl(2- 
Me) (158 mg) in ethyl acetate (3 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, the reac- 
tion mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentra- 
tion, the residue was purified using silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to 
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obtain the title compound (144 mg). 

HPLC: 19.68 min 
TOF-Mass;585 (M+1) 

Example 29 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy<H^ 

tanoyl}-5,5-dimethyl-l,3-thiazdiidine-4-carboxamide (EtO-CO-Val-Apns-Dmt-NHBzl(2-Me)) 

[0098] Ethyl chloroformate (32 ^I), triethylamine (46 pJ) were added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) 
(1 62 mg) obtained in the step 2 of Example 8 in ethyl acetate (3 ml) and the mixture was stirred overnight. After the addi- 
tion of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . 
After filtration and concentration, the residue was purified using silica gel column chromatography and reprecipitated 
from ethyl acetate/n-hexane to obtain the title compound (149 mg). 

HPLC: 21.17 min 
TOF-Mass; 613 (M+1) 

Example 30 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3^ 
nylbutanoyl}-5,5<JimethyM,3-thiazol^ 

(StepD 

Methoxyethyl p-nitrophenyl carbonate 

[0099] P-nitrophenyl chloroformate (2.01 g) was added to a solution of methoxyethanol (790 in pyridine (10 ml) 
and the mixture was stirred overnight. After concentration, the reaction mixture was dissolved in methylene chloride and 
was washed with 1N HCI and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the title compound 
(2.48 g) was obtained. 

< Step 2) 

(R)-N-(2-methylbenzyl)«3-{(2S,3S)-2-hydroxy-3-[(S)-2-(m^ 
nylbutanoyl}-5,5<limethyl-l,3-thiazolidine-4-carboxamide 

[01 00] Methoxyethyl p-nitrophenyl carbonate (112 mg), HOBt (41 mg), triethylamine (1 04 p\) were added to a solution 
of H-Val-Apns-Dmt-NHBzl(2-Me) obtained in the step 2 of Example 8 in DMF (5 ml) and the mixture was stirred over- 
night. After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and 
dried over MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography 
and reprecipitated from ethyl acetate/n-hexane to obtain the title compound (130 mg). 

HPLC: 20.36 min 
TOF-Mass; 643 (M+1) 

Example 31 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2^ 

tanoyl}-5,5-dimethyl- 1 ,3-thiazolidine-4-carboxamide (Me0-CH 2 -C0-Val-Apns-Dmt-NHBzl(2-Me)) 

[0101] Methoxyacetic acid (23 nl), HOBt (48 mg), and EDC • HCI (63 mg) were added to a solution of H-Val-Apns- 
Dmt-NHBzI(2-Me) (162 mg) obtained in the step 2 of Example 8 in DMF (5 ml) and the mixture was stirred overnight. 
After the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 . 1N HCI, and 5% NaCI and dried 
over MgS0 4 . After filtration and concentration, the residue was recrystallized from ethyl acetate/n-hexane to obtain the 
title compound (149 mg). 
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HPLC: 20.01 min 
TOF-Mass; 613 (M+1) 
1 H-NMK(DMSO-d 6 ): 

5 (ppm); 0.67(d, 3H, J=6.5Hz), 0.74(d, 3H, J=6.2Hz), 1.36(s, 3 H), 1.50(8, 3H), 1.89(01, 1H), 2.27(s, 3H), 2.68(m, 
2H), 3.29(s, 3H), 3.81 (s. 2H), 4.13-4.20(m, 3H), 4.38-4.41 (m, 2H), 4.51(s. 1H), 4.94(d, 1H, J=8.6Hz), 5.05(d, 1H, 
J=8.9Hz), 5.25(d. 1H, J=7.0Hz), 7.09-7.41(m, 10 H), 8.17(d, 1H, J=8.41Hz), 8.39(t, 1H) 

Example 32 

(R)-N~(2-methylbenzyl)-3-{(2S.3S)-2-hydroxy^ 
tanoyl}-5,5-dimethyl-1,3-thiazolidine-4^ 

[01 02] Ethoxyacetic acid (28 nl), HOBt (41 mg), and HDC • HCI (63 mg) were added to a solution of H-Val-Apns-Dmt- 
NHBzl(2-Me) (162 mg) obtained in the step 2 of Example 8 in DMF (5 ml) and the mixture was stirred overnight After 
the addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over 
MgS0 4 . After filtration and concentration, the residue was recrystallized from ethyl acetate/n-hexane to obtain the title 
compound (153 mg). 

HPLC: 20.88 min 
TOF-Mass; 627 (M+1) 

Example 33 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Ac-Val-Apns-Dmt-NHBzl(2-Me)) 

[0103] Acetic anhydride (31 uJ) and triethylamine (46 ul) were added to a solution of H-Val-Apns-Dmt-NHBzl(2-Me) 
(1 62 mg) obtained in the step 2 of Example 8 in ethyl acetate (5 ml) and the mixture was stirred overnight. After the addi- 
tion of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 . 1 N HCI, and 5% NaCI and dried over MgS0 4 . 
After filtration and concentration, the residue was reprecipitated from ethyl acetate/n-hexane to obtain the title com- 
pound (143 mg). 

HPLC: 19.32 min 
TOF-Mass; 583 (M+1) 

Example 34 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-h^ 
thiazolidine-4-carboxamide (Ac-Abu-Apns-Dmt-NHBzl(2-Me)) 

[0104] Acetic anhydride (31 ^il) and triethylamine (46 ul) were added to a solution of H-Abu-Apns-Dmt-NHBzl(2-Me) 
(158 mg) in ethyl acetate (5 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction 
mixture was washed with 3% Na 2 C0 3t 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, 
the residue was reprecipitated from ethyl acetate/n-hexane to obtain the title compound (136 mg). 

HPLC: 18.68 min 
TOF-Mass; 569 (M+1) 
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Example 35 

(R)-N-tert-butyl-3-{(2S,3S)-2-^ 

nylbutanoyl}-5,5-dimethyl-1 ,3-thiazolidine-4-carboxamide ((3-Me 2 N)Phoa-VaJ-Apns-Dmt-NHtBu) 
( Step 1 ) 

(R)-N-tert-butyl-3-{(2S.3S)-2-hydroxy-3-[(S)-2-(tert^^ 
5,5-dimethyl-1,34hia20lidine-4-carboxamide(Boc-Val-Apns-Dmt-NHtBu) 

[0105] EDC • HCI (21 1 mg) was added to a solution of H-Apns-Dmt-NHtBu (393 mg), Boc-Val-OH (203 mg), and HOBt 
(135 mg) in DMF (3 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction mixture 
was washed with 3% Na 2 C0 3 . 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the res- 
idue was repredpitated from ethyl acetate/n-hexane to obtain the title compound (556 mg). 

(Step 2) 

(R)-N-tert*butyl-3-{(2S,3S)-2-hydra^ 

nyIbutanoyl}-5.5<Jimethyl-1 ,3-thiazolidine-4-carboxamide ((S-Me^JPboa-Val-Apns-Dmt-NHtBu) 

[0106] The compound Boc-Val-Apns-Dmt-NHtBu (148 mg) obtained in the step 1 was treated with 4N HCI/dioxane 
for two hours at room temperature. After concentration, the mixture was dissoleved in DMF and neutralized with E^N 
(37 ml). 3-dimethylaminophenoxyacetic acid (51 mg), HOBt (35 mg), and EDC • HCI (53 mg) were added to a solution 
of the resulting H-Val-Apns-Dmt-NHtBu in DMF and the mixture was stirred overnight After the addition of ethyl acetate, 
the reaction mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and con- 
centration, the residue was purified using silica gel column chromatography to obtain the title compound (130 mg). 

HPLC: 17.65 min 
TOF-Mass; 670 (M+1) 
1 H-NMR(DMSO-d 6 ): 

5 (ppm); 0.70(d, 6H, J=6.8Hz). 1.27(s, 9H), 1.40(s, 3H), 1.49(s, 3 H), 1.88-1.95(m, 1H), 2.5-2.8(m, 2H), 2.85(s, 6H), 
4.13-4.24(m, 2H), 4.4-4.7(m, 4H), 4.89(d, 1H, J=8.9Hz), 5.06-5.11(m, 2H), 6.20-6.23(m, 2H), 6.31-6.35(m, 1H), 
7.0-7.2(m, 4H), 7.35(d, 2H, J=6.8Hz), 7.58-7.67(m, 2H), 8-21(d, 1H, J=8.4 Hz) 

Example 36 

(R)-N-tert-butyl-3-{(2S,3S)-2-hydroxy-3-K^ 

tanoyl}-5,5-dimethyl-1,3-thiazolidine-4-carboxamide ((3-Me 2 N)Phoa-Abu-Apns-Dmt-NHtBu) 
<Step1) 

(R)-N-tert-butyl-3-{(2S,3S)-2-hydroxy-3-[(S)-2-aminobutanoyl]amino-4-phenylbutanoyl}-5,5-dime% 
4-carboxamide (H-Abu-Apns-Drrrt-NHtBu) 

[0107] EDC • HCI (302 mg) was added to a solution of H-Apns-Dmt-NHtBu (619 mg), Boc-Abu-OH (305 mg), and 
HOBt (213 mg) in DMF (3 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, the reaction mix- 
ture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the 
residue was treated with 4N HCI/dioxane for two hours at room temperature. After concentration, the residue was dis- 
solved in H 2 0 and the mixture was washed with toluene. The aqueous layer neutralized with 2N NaOH was extracted 
with CH 2 CI 2 , then the extract was washed with 5% NaCI and dried over MgS0 4 . The dried material was filtered and 
concentrated to dryness to obtain the title compound (699 mg) was obtained. 

< Process 2 > 

(R)-N-tert-butyl-3-{(2S,3S)-2-hydroxy-3-[(S)-2-(3-dimethylaminophenoxyacetyl)aminobutanoyl]amm 
tanoyl}-5,5-dimethyi- 1 ,3-thiazolidine-4-carboxamide (3-Me 2 N)Phoa-Abu-Apns-Dmt-NHtBu) 

[0108] 3-dimethylaminophenoxyacetic acid (51 mg), HOBt (35 mg), and EDC • HCI (53 mg) were added to a solution 
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of H-Abu- Apns- Dmt-NHtBu (120 mg) obtained in the step 1 in DMF and the mixture was stirred overnight. After the 
addition of ethyl acetate, the reaction mixture was washed with 3% Na 2 C0 3 , 1N HCI, and 5% NaCI and dried over 
MgS0 4 . After filtration and concentration, the residue was purified using silica gel column chromatography to obtain the 
title compound (120 mg). 

HPLC: 17.16 min 
TOF-Mass;656 (M+1) 
1 H-NMR(DMSO-d 6 ): 

6 (ppm); 0.73 t, 3H, J=7.3Hz), 1.27(s. 9H), 1.40(s. 3H), 1.49(S, 3H), 1.3-1.7(m, 2H), 2.5-2.8(m, 2H), 2.85(s, 6H), 
4.1-4.3{m, 2H), 4.4-4J(m, 4 H), 4.89(d, 1H, J=8.9Hz), 5.04(d, 1H, J=8.9Hz) f 5.16(d, 1H, J=7.6Hz), 6.20-6.23(m. 
2H), 6.32-6.35(m, 1H), 7.0-7.2(m ( 4H), 7.34(d, 2 H, J=7.3Hz), 7.65-7.75(m, 2H), 8.1 9(d, 1H, J=8.1Hz) 

Example 37 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-^ 

tanoylJ-S.S-dimethyM.S-thiazolidine^-carboxamide (Me-S0 2 -Val-Apns-Dmt-NHBzl(2-Me)) 

[0109] Methanesulfonyl chloride (25 pi) and triethylamine (46 pi) were added to a solution of H-Val-Apns-Dmt- 
NHBzl(2-Me) (1 62 mg) in methylene chloride (3 ml) and the mixture was stirred for two hours. After the addition of ethyl 
acetate, the reaction mixture was washed with 3% Na 2 C0 3l 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration 
and concentration, the residue was purified using silica gel column chromatography and reprecipitated from ethyl ace- 
tate/n-hexane to obtain the title compound (127 mg). 

HPLC: 19.79 min 
TOF-Mass; 619 (M+1) 

Example 3Q 

(R)-N-(2-methylbenzyl)-3-{(2S,3S)-2-hydroxy-3-[(S)-2-m^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (Me-S0 2 -Abu-Apns-Dmt-NHBzl(2-Me)) 

[0110] Methanesulfonyl chroride (25 pi) and triethylamine (46 pi) were added to a solution of H-Abu- Apns- Dmt- 
NHBzl(2-Me) (1 58 mg) in ethyl acetate (3 ml) and the mixture was stirred for two hours. After the addition of ethyl ace- 
tate, the reaction mixture was washed with 3% Na 2 C0 3 . 1N HCI, and 5% NaCI and dried over MgS0 4 . After filtration 
and concentration, the residue was purified using silica gel column chromatography and reprecipitated from ethyl ace- 
tate/n-hexane to obtain the title compound (92 mg). 

HPLC: 19.08 min 
TOF-Mass; 605 (M+1) 

Example 39 

(R)-N-(2-methylbenzyl)-3-((2S,3S)-2-hydr^ 

thyl- 1 ,3-thiazolidine-4-carboxamide (MeO-CO-Thr-Apns-Dmt-NHBzl(2-Me)) 

[01 1 1 ] Methyl chloroformate (39 pi) and triethylamine (70 pi) were added to a solution of H-Thr-Apns-Dmt-NHBzl(2- 
Me) (270 mg) in ethyl acetate (5 ml) and the mixture was stirred overnight. After the addition of ethyl acetate, the reac- 
tion mixture was washed with 3% Na 2 C0 3 , 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentra- 
tion, the residue was purified using silica gel column chromatography and reprecipitated from ethyl acetate/n-hexane to 
obtain the title compound (196 mg). 

HPLC: 18.21 min 
TOF-Mass; 601 (M+1) 
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Example 40 

(R)-N-(2-methylbenzyl)-3-{(2S,3S^ 

dimethyl-1 ,3-thiazolidine-4-carboxamide (MeO-CO-Asn-Apns-Dmt-NHBzl(2-Me)) 

[01 1 2] 4N HCI/dioxane (2 ml) was added to the compound Boc-Asn-Apns-Dmt-NHBzl(2-Me) (70 mg) obtained in the 
step 1 of Example 6 and the mixture was stirred for two hours. After concentration, the reaction mixture was dissolved 
in DMF (1 ml) and neutralized with triethylamine (15 nl). After the addition of methyl chloroformate (9 nl) and triethyl- 
amine ( 1 6 *il), the mixture was stirred for two hours. After the addition of ethyl acetate, the reaction mixture was washed 
with 3% Na 2 C0 3 . 1 N HCI, and 5% NaCI and dried over MgS0 4 . After filtration and concentration, the residue was puri- 
fied using silica gel column chromatography to obtain the title compound (1 5 mg). 

HPLC: 17.51 min 
TOF-Mass; 614 (M+1) 

Example 41 

[0113] In order to verify that the tripeptide compound of the present invention has superior HIV protease inhibition 
activity and, in particular, is suitable for use as a medication because of its remarkably low inhibition constant to the HIV 
protease, the following experiments were performed. 

Experimenta l Ex ample 1 

HIV protease inhibition activity 

[0114] In order to verify that the tripeptide compound of the present invention exhibits high HIV protease inhibition 
activity, the compounds of the Examples 1 -38 were evaluated according to previously published experimental methods 
(see, for example, Journal of Synthetic Organic Chemistry Japan vol. 52, 403-412 (1994) and Japanese Patent Appli- 
cation Laid-open No. 170722/1993). 

Experimental method 

[0115] The protease activity was measured using a recombinant HIV-1 protease (see Biochemistry, 250 (9)-264 
(1 990)) and a synthesized peptide substrate. The inhibition rate was calculated by determining a peptide fragment gen- 
erated by cleavage between Tyr-Pro of the synthesized substrate after the reaction of 60 min at 37°C using a reversed 
phase HPLC in the presence of the test compounds in various concentrations (see, for example, Japanese Patent 
Application Laid-open No. 170722/1993). 

[0116] Examples of the evaluation results of the HIV protease inhibition activity of the tripeptide compound of the 
present invention by the above -described method is shown in Table 1. As shown in these results, each tripeptide com- 
pound of the present invention exhibits significantly high HIV protease inhibition activity. The concentration of the test 
compounds in Table 1 represents the final concentration in the reaction mixture. 



Table 1 



Test compound 


Abbreviated molecular formula 


Enzyme activity inhibi- 
tion rate (%) (addition 
concentration of 50 nM) 


Example 1 


Z-Asn-Apns-Dmt-NHBzl 


96.0 


Example 2 


Z-Asn-Apns-Thz-NHBzl(2-Me) 


71.7 


Example 3 


Z-Asn-Apns-Drnt-NHBz!(2-Me) 


100.0 


Example 4 


Z-Val-Apns-Dmt-NHBzl(2-Me) 


95.3 


Example 5 


Z-Asn-Apns-Dmt-NHBzl(2-CI) 


98.4 


Example 6 


Chc-Asn-Apns-Dmt-NHBzl(2-Me) 


98.4 


Example 7 


Bfc-Asn-Apns-Dmt-NHBzl(2-Me) 


91.2 
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Table 1 (continued) 



Test compound 


Abbreviated molecular formula 


Enzyme activity inhibi- 
tion rate (%) (addition 
concentration of 50 nM) 


example o 


iuoa-vai-Apns-urm-NHbzi(2-ivie) 


97.7 


example y 


£ - Asn • Apns - mox- in h dz i \c~ m e) 


61.9 


example 1 1 


bTC-vai-Apns-umt-rJnbzi(2-Me; 


97.1 


Example 12 


unc-vai-Apns-Dmt-NHBzl(2-Me) 


97.4 


Example 13 


2-Uuic-Val-Apns-Dmt-NHBzl(2-lvle) 


96.6 


example 14 


Btc-Val-Apns-Dmt-NHBzl(2-Me) 


95.8 


example 15 


Bic-Val-Apns-Dmt-NHBzl(2-Me) 


92.8 


Example 16 


(7-MeO)Bfc-Val-Apns-Drnt-NHBzl(2-Me) 


97.1 


Example 1 7 


(3-Bzl)Phoa-Val-Apns-Dmt-NHBzl(2-Me) 


97.1 


Example 18 


2-Qxc-Asn-Apns-Dmt-NHBzl(2-Me) 


98.8 


Example 19 


2-Qxc-Val-Apns-urnt-NHBzl(2-Me) 


97.3 


Example 20 


(7-MeO)Bfc-Ala-Apns-Drrrt-NHBzl(2- 


97.6 


Example 21 


3-Quic-Va!-Apns-Drnt-NHBzl(2-Me) 


97.7 


Example 22 


(3 -M e2 N) Pnoa-val-Apns-Dmt- N HBzl(2-Me) 


97.6 


Example 23 


5-Qoa-Val-Apns-Dmt-NHBzl(2-Me) 


98.5 


Example 24 


6-Qoa-Abu-Apns-Dmt-NHBzl(2-Me) 


98.1 


Example 25 


(3-Me 2 N)Phoa-Abu-Apns-Dmt- NHBzl(2-Me) 


99.9 


Example 26 


(3-Me 2 N)Phoa-Ala-Apns-Dmt- NHBzI(2-Me) 


99.9 


Example 27 


MeO-CO-Val-Apns-Dmt-NHBz!(2-Me) 


94.9 


Example 28 


ft M /~"\ V"\ A i_ A r> x ft. 1 1 1 • / ft 4 \ 

MeO-CO-Abu-Apns-Dmt-NHBzl(2-Me) 


93.6 


Example 29 


Et0-C0-VaI-Apns-Dmt-NHBzl(2-Me) 


93.0 


Example 30 


MeO-(CH 2 ) 2 -0-CO-Val-Apns-Dmt-NHBzl(2-Me) 


94.2 


Example 31 


MeO-CH 2 -CO-Val-Apns-Dmt-NHBzl(2-Me) 


89.6 


Example 32 


EtO-CH 2 -CO-Val-Apns-Dmt-NHBzl 


96.4 


Example 33 


A A \ /_ 1 A — — — t~\~i MLtD.I/O ft J _ \ 

Ac-Val-Apns-Dmt-NHBzl(2-Me) 


89.8 


Example 34 


Ac-ADu-Apns-Dmt-NHBzl(2-Me) 


88.9 


Example 35 


(o-Me 2 N}rnoa-vai-Apns-umt-NHtDU 


96.0 


example go 






Example 37 


Me-S0 2 -VaJ-Apns-Dmt-NHBzl(2-Me) 


70.1 


Example 38 


Me-S0 2 'Abu-Apns-Dmt-NHBzl(2-Me) 


76.0 


Example 39 


MeO-CO-Thr-Apns-Dmt-NHBzl(2-Me) 


84.6 


Example 40 


Me0-C0-Asn-Apns-Dmt-NHBz!(2-Me) 


94.3 



Experimental Example 2 

Evaluation of enzyme inhibition constant Ki 

[01 1 7] The enzyme inhibition constant Ki was evaluated in order to verify that the tripeptide compound of the present 
invention exhibits a markedly superior inhibition ability compared with a conventional tripeptide type inhibition sub- 
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stance. In addition, the known compound KNI-162 for which high HIV protease inhibition activity has been reported to 
publications (see, for example, Yoshiaki Kiso, Journal of Synthetic Organic Chemistry Japan vol. 52, 403-412 (1994)) 
was similarly tested for comparison. This compound KNI-162: (R) 3{(2S,3S)-3-[N-(ben2yloxycarbonyl)-L-asparagi- 
nyl]amino-2-hydroxy-4-phenylbutanoyl}-5,5-dimethyl-1 ,3-thiazolidine-4-carboxamide is a hydroxymethylcarboxamide 
type tripeptide compound having a (2S,3S)-3-amino-2-hydroxy-4-phenylbutanoyl skeleton which is similar to the tripep- 
tide compound of the present invention except that the tert-butyl group is substituted on the C-terminal amide nitrogen 
atom. 

Experimental method 

[01 1 8] The synthesized peptide substrate having a sequence of H-Lys-Ala-Arg-Val-Tyr-Phe(4-N0 2 )-Glu-Ala-Nle-NH 2 
was used in this experiment. The enzyme reaction was measured using a reversed phase HPLC by determining the C- 
terminal peptide fraction produced by cleavage just behind Tyr in the synthesized substrate which is obtained by react- 
ing the following composition for 15 min. at 37°C and stopping the reaction by the addition of 1N HCI (75 jil). 

Composition of reaction mixture 

[0119] 



Recombinant HIV-1 protease enzyme solution 10 nl 

0.5 mM synthetic substrate aqueous solution 10 nl 

DMSO Inhibitor solution 5 ^| 

0.2 M MES solution (1 M NaCI, 2 mM EDTA-2Na, 2 mM DTT, pH 5.5) 25 jil 

Reversed phase HPLC measurement conditions 
[0120] 

Column: Waters Nova-pak C18 (3.9 x 75 mm) 
Eluent: 

A; water (0.1% TFA) 

B; acetonitrile(0.1%TFA) 

Flow rate: 2 ml/min isocratic; 1 0% B solution 
Detection: Fluorescence 305 nm, excitation 275 nm 

[01 21 ] Examples of the evaluation of the enzyme inhibition constant Ki are shown in Table 2. In addition to the above 
compound KNI-162, the enzyme inhibition constant Ki of Saquinavir (Ro31-8959) and Ritonavir (ABT-538) which is sold 
at a market as the HIV protease inhibitors are also shown in Table 2 for comparison. In addition, the enzyme inhibition 
constant Ki was calculated after the addition of the test compound to the above-mentioned enzyme reaction system in 
the range of the final concentration of 1-100 nM, by fitting the relation between concentration of the test compound and 
the residual enzyme activity to the following numerical formula (1) according to the reversible tight-binding inhibitor 
model. However, the Michaelis constant was separately calculated. 



V0: Initial flow rate 

Km: Michaelis constant 

S: Substrate concentration 

Et: Active enzyme concentration 
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Table 2 



Test compound 


Abbreviated molecular formula 


Enzyme inhibition con- 
Slant r\i 


FxamDle 1 




1 Q 


Examnlp fi 


Hhr- Acn-Annc.nml-MklR'7lfO..Ma\ 


I . f 


Example 7 


Rfr-AQn-AnnQ-nmt-NI-IR7lf9-Mo\ 


A Q 


Example 3 


Z-Asn-Apns-Dmt-NHBzl(2-Me) 


lb 


Example 16 


(7-MeO)-Bfc-Val-Apns-Dmt-NHBzl(2-Me) 


14 


Example 28 


MeO-CO-Abu-Apns-Dmt-NHBzl(2-Me) 


242 


Example 35 


(3-Me 2 N)-Phoa-Val-Apns-Dmt-NhtBu 


70 


Example 36 


(3-Me 2 N)-Phoa-Abu-Apns-Dmt-NhtBu 


130 


KN1-162 (Reference Example) 


Z-Asn-Apns- Dmt-NHt-Bu 


212 


Saquinavir (Ro31-8959) 


138 


Ritonavir (ABT-538) 


98 



[0122] As shown in Table 2, the enzyme inhibition constant Ki of the tripeptide compound of the present invention 
exhibits remarkably low values. Specifically, it is recognized that the tripeptide compound of the present invention has 
a remarkably high binding affinity with the HIV protease. Moreover, compared with the compound KNM62 of the Ref- 
erence Example, it is judged that the tripeptide compound of the present invention exhibits remarkably superior HIV pro- 
tease inhibition activity. It is considered that the increase of the binding affinity of the tripeptide compound of the present 
invention is mainly caused by the C-terminal substituted benzyl amide. 

Experimental Example 3 

Evaluation of anti-HIV activity and cytotoxicity 

[01 23] In order to verify that the tripeptide compound of the present invention excels in the effect of inhibiting produc- 
tion of the HIV virus particles in the host eel! owing to the remarkably superior HIV protease inhibition compared with 
the conventional tripeptide type inhibition substance, the following anti-HIV activity evaluation tests were carried out. At 
the same time. 50% cytotoxic concentration was evaluated in order to identify the degree of cytotoxicity. In addition, 
Ritonavir which is sold at a market peptide type HIV protease inhibition substance, was also evaluated for comparison. 

Experimental method for anti-HIV activity and cytotoxicity 

[0124] According to a method which has already been reported to publications and the like (Weislow et. al., J. of the 
National Cancer Institute, 81, 577-585 (1989)), the anti-HIV activity was evaluated using a CEM-SS cell as the host cell 
and the HIV virus strain HIV-1 IIIB (see. for example, the European Patent Publication No. EP 0751145 A2). 
[0125] On a 96-well micro titre plate, the test compounds were added to the culture medium in various concentrations, 
then the HIV infected CEM-SS cell was added and incubated for six days at 37°C using a C0 2 incubator. The number 
of the living cells was then measured by a XTT method. On the other hand, in order to examine the cytotoxicity of the 
test compounds, the test compounds were added in various concentrations and the HIV virus non-infected cell was 
incubated under similar conditions. As the reference group, the HIV infected CEM-SS cell was incubated without the 
addition of the test compounds. Moreover, the HIV virus non-infected cell was incubated without the addition of the test 
compound as the control group. 

[0126] The anti-virus activity was evaluated in a concentration in which the cytotoxic effect caused by the HIV infected 
virus in the above HIV infected cell group was inhibited 50 percent (ECso, 50% effective concentration), and the cyto- 
toxicity was evaluated in a concentration in which the cytotoxic effect by the addition of the test compound in the HIV 
virus non-infected cell group occurred at 50 percent (TC50, 50% cytotoxic concentration) respectively. In addition, since 
no cytotoxic effect was seen even at the highest concentration (1.0 \igf ml) in this experiment, the value of TC50 was 
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described as >1 .0 ng/ml. Examples of the evaluation results are shown in Table 3. 



Table 3 



Test compound 


Anti-virus activity EC50 
(ng/ml) 


Cytotoxicity TC50 


Example 16 


1.7 


>1.0 


Example 27 


26 


>1.0 


Example 35 


10 


>1.0 


Example 36 


17 


>1.0 


Ritonavir (Reference Example) 


33 


>1.0 



[0127] As shown in Table 3, the tripeptide compound of the present invention exhibits the anti-virus activity in mark- 
edly low concentrations corresponding to the significantly small values of the enzyme inhibition constant W. On the 
other hand, the cytotoxicity is only shown in concentrations three digits or more in the range of concentration in which 
the anti-virus activity is exhibited. Moreover, there is no significant difference in toxicity between the tripeptide com- 
pound of the present invention and Ritonavir which is sold at a market compound. 

Experimental Example 4 

Pharmacokinetics test 

(Evaluation of digestive tract absorption and metabolic characteristics) 

[0128] The metabolic characteristics of the tripeptide compound of the present invention were evaluated using rats 
for a test animal. As the Control Example, the result of KNI-272 ((R)-N-tert-butyl-3-((2S.3S)-2-hydroxy-3-[N-(isoquino- 
lin-5-yloxy)acetyl-methylthio-L-alanyl]amino^ iQoa-Mta-Apns-Thz- 
NHtBu) which is a tripeptide derivative known in the art, is also shown. The amount administred was 10 mg/kg. The 
evaluated administration methods are a method (id) of administering a solution of a fixed amount of the test compound 
in the duodenum of a test animal, and a method (iv) of administering the solution intravenously. After administration, 
blood samples were taken from the test animal and concentrations of the residual test compound in the plasma were 
analyzed. As indices concerning pharmacokinetics. AUC (area under medicine concentration curve in plasma), MRT 
(mean residence time), t 1/2 (X) (final phase half-life period), and the biological utilization rate of administration in the duo- 
denum F were calculated. The results are shown in Table 4. 



Table 4 



Test compound 


Administration 


AUC 


MRT 


T1/2W 


F 






(lig/ml • min.) 


(min.) 


(min.) 


(%) 


Example 16 


Iv 


322 


67 


74 






Id 


90 






27 


Example 27 


Iv 


272 


71 


87 






Id 


87 






32 


Example 35 


Iv 


119 


68 


63 






Id 


105 






89 


Example 36 


Iv 


226 


124 


110 






Id 


185 






82 


KNI-272 (Reference Example) 


Iv 


224 


23 


26 




Id 


98 
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[01 29] As shown in these results, each tripeptide compound of the present invention has superior stability in vivo and 
is able to maintain high concentration in plasma compared with KNI-272 which is the compound of the Control Example. 

Example 42 

[0130] A granular agent was prepared according to the method of Japanese Patent Application Laid-open No. 
208478/1996 using the tripeptide compound of the present invention as the effective component. One of the examples 
is given below. 

[0131] Chc-Asn-Apns-Dmt-NHBzI(2-Me) (50 g) obtained in Example 6 and hydroxypropy! methylcellulose 2910 
(binder) (20 g) were dissolved in a mixture (930 g) of ethanol (The Pharmacopoeia of Japan) (837 g) and purified water 
(93 g) to adjust the total weight to 1000 g. The resulting solution was used as a coating solution. True spherical particles 
with a diameter of 150-300 jim, Cellphia CP203 (500 g) (trademark: manufactured by Asahi Chemical Industry Co., 
Ltd.), was used as a core material. The particles were fed to a rolling-type fluidized bed coating apparatus Multiplex 
(trademark: manufactured by Paureck Co., Ltd.) under the conditions of air feed temperature of 55°C and air flow rate 
of 40 m 3 /hr. The above coating solution was sprayed and dried to form a coating layer on the core material particles. 
These coating particles were sieved using a 42-mesh sieve and the particles which passed through were used as the 
granular agent. 

INDUSTRIAL APPLICABILITY 

[01 32] The tripeptide compound of the present invention which is represented by the general formula (I) exhibits pecu- 
liar and remarkably high HIV protease inhibition activity, because not only the dipeptide moiety part which is indispen- 
sable for the HIV protease inhibition activity, but also the substituted benzyl group on the C-terminal amide nitrogen 
atom participate in binding to the enzyme active center of the HIV protease. Therefore, when used for clinical applica- 
tion as an anti-AIDS medicine, there is the advantage that the amount to be administered to obtain the desired concen- 
tration of the peptide compound, which is the effective component for producing the desired medical effect, can be 
decreased. Moreover, since the tripeptide compound which is represented by the general formula (III) exhibits peculiar 
and remarkably high HIV protease inhibition activity as well as high digestive tract absorption, when used for a clinical 
application as the anti-AIDS medicine, there is the advantage that the amount to be administered to obtain the desired 
concentration of the peptide compound, which is the effective component for producing the desired medical effect, can 
be decreased. 

Claims 

1 . A novel tripeptide compound represented by the following formula (I), 




wherein A is -NH-, -NR- (wherein R represents an alkyl group having 6 or less carbon atoms), -0-CH 2 -, -CH 2 -0- or 
a single bond; B is -CO- or -S0 2 -; D is -CO- or -CH 2 -; E represents a divalent hydrocarbon group which may form 
a 5 to 7 member ring together with the adjacent nitrogen atom and carbon atom or a divalent hydrocarbon group 
with one or more carbon atoms therein being replaced by one or more hetero atoms, wherein said ring may form a 
condensed ring together with another 5 to 7 member ring or may have 3 or less substituents on that ring; R 1 is a 
hydrogen atom, an alkyl group having 6 or less carbon atoms, or an aromatic group or heterocyclic group having 
10 or less carbon atoms, wherein the said alkyl group may possess an alkyloxy group having 4 or less carbon 
atoms as an substituent, said aromatic group or heterocyclic group may be substituted by an alkyl group having 4 
or less carbon atoms, alkyloxy group, mono or dialkyl -substituted amino group, halogeno group, hydroxyl group, 
amino group, or an alkyl or alkenyl group having 3 or less carbon atoms which may be substituted by a monocyclic 



39 



EP 0 900 566 A1 



aromatic group or monocyclic heteroaromatic group; R 2 is an aliphatic hydrocarbon group having 1 -7 carbon atoms 
or an aromatic hydrocarbon group, provided that the aliphatic hydrocarbon group may have either a linear or 
branched structure and the carbon atom forming the skeleton of said aliphatic hydrocarbon group or aromatic 
hydrocarbon group may be replaced by a hetero atom, or the hydrogen atom thereon may be substituted by a car- 
bamoyl group, carboxyl group, or halogeno group; R 3 is an aryl group, arylthio group or aryloxy group, and may con- 
tain a substituent on the aromatic ring; and R 4 . R 5 , R 6 , R 7 , and R 8 respectively represent a hydrogen atom, alkyl 
group having 3 or less carbon atoms, halogeno group, amino group, hydroxyl group, aminomethyl group, 
hydroxymethyl group, or an amino group substituted by one or two (mono or di) alkyl group having 3 or less carbon 
atoms; or a pharmaceutical^ acceptable salt thereof. 

2. A novel tripeptide compound of the following formula (II), 




wherein A, R 1 , R 2 , R 4 , R 5 , R 6> R 7 , and R 8 are the same as defined in the formula (I), X is an oxygen atom or sulfur 
atom, R 9 and R 10 respectively represents a hydrogen atom or a linear or branched aliphatic hydrocarbon group 
having 1 -6 carbon atoms, or a pharmaceutical ly acceptable salt thereof. 

3. A novel tripeptide compound of the following formula (III), 




(in) 



wherein is a phenyl group which is substituted by one amino group which is either unsubstituted or substituted 
by one or two (mono or di) alkyl groups each having 4 or less carbon atoms and R 2 represents a linear or branched 
alkyl group having 1-3 carbon atoms, carbamoylmethyl group or methylthiomethyl group; or a pharmaceutical 
acceptable salt thereof. 

4. An anti-AIDS medicine comprising as an effective component the compound according to any one of claims 1 to 3 
or a pharmaceutical^- acceptable salt thereof. 
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